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PREFACE

This guide for Drainage and Water Resources is one of a series of
Analysis and Synthesis Guides to be produced. After some modifications,
the guides will be published as Department of Army manuals. For this
reason, critical comments and suggestions are requested by the author.

The published guides in this series are

Number Authors Title AD Number

ETL-0178 Jeffrey A. Messmore TERRAIN ANALYSIS PROCEDURAL AD-A068 715
Theodore C. Vogel GUIDE FOR VEGETATION (Report
Alexander R. Pearson No. I in the ETL Series on

Guides for Army Terrain
Analysts)

ETL-0205 Theodore C. Vogel TERRAIN ANALYSIS PROCEDURAL AD-AOSO 021
GUIDE FOR ROADS AND RELATED
STRUCTURES (Report No. 2...)

ETL-0207 James Tazelear TERRAIN ANALYSIS PROCEDURAL AD-A080 064
GUIDE FOR GEOLOGY (Report
No. 3...)

ETL-0220 Alexander R. Pearson SYNTHESIS GUIDE FOR AD-A084 007
Janet S. Wright CROSS-COUNTRY MOVEMENT

(Report No. 4...)

ETL-0247 Roland J. Frodigh TERRAIN ANALYSIS PROCEDURAL AD-&095 158
GUIDE FOR CLIMATE (Report
No. 5...)

ETL-0254 Janet S. Wright TERRAIN ANALYSIS PROCEDURAL AD-A107 048
Theodore C. Vogel GUIDE FOR SOIL (Report
Alexander R. Pearson No. 6...)
Jeffrey A. Measmore

ETL-0263 James Tazelaar SYNTHESIS GUIDE FOR LINES AD-AI04 208
OF COMMUNICATION (Report

No. 7...)

This study was conducted under DA Project 4A762707A855, Task C,
Work Unit 21, "Military Geographic Analysis Technology."
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNIT OF MEASUREMENT

U.S. Customary Units of Measurement used in this report can be converted
4to metric (SI) as follows:

MULTIPLY BY To Obtain

inches 25.4 millimeter

feet 30.48 centimeter

miles 0.6093 kilometer

acres 0.405 hectare

ounces 28.57 gram

gallons 3.785 liter

Fahrenheit degrees* 5/9 Celsius degrees, Kelvin

*To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use formula:

* C = (5/9) (F-32)

*1 To obtain Kelvin (K) readings, use formula:

K = (5/9) (F-32) + 273.15

2
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.4

TERRAIN ANALYSIS PROCEDURAL GUIDE
FOR DRAINAGE AND WATER RESOURCES

1. INTRODUCTION

1.1 Purpose. The purpose of this guide is to provide the Army's
terrain analysts with step-by-step procedures for extracting, reducing,
and recording drainage and water resource information. The principal
information sources treated in this guide include topographic maps,
literature, and aerial photography.

1.2 Background. The first step in generating terrain intelligence
and preparing special purpose products is to reduce the data contained in
a variety of source materials to a uniform format. This first step of
extracting data from available sources, then reducing and recording it in
the desired form, is the most laborious and time-consuming step in the
production cycle. If the process is delayed until a production requirement
is imposed, the response time would be increased. However, if the ex-
tracting, reducing, and recording is performed in advance and the prefor-
matted results maintained in the data base, the time required to respond
to a production requirement can be greatly reduced. One practical method
of producing this information is the factor overlay concept, which records
the results of the terrain analysis for the data base.

In figure 1.1, the factor overlay concept for preformatting data
is shown in the form of factor overlays registered to standard military
topographic maps. Under this concept, data are extracted from various
source materials and recorded on factor overlays and supporting data
tables. Separate overlays and tables are prepared for each map sheet for
each major terrain subject or data field, e.g. soil, climate, vegetation,
and roads. Factor overlays and tables are intermediate data base products
intended primarily as tools for the terrain analyst and are not customarily
distributed outside of the topographic and intelligence communities.

Factor overlays are used in various combinations to generate
factor-complex maps that become, in effect, the manuscripts for special
purpose products, such as cross-country movement, lines of communication,
IPB (Intelligence Preparation of the Battlefield) graphics, etc. The data
elements appearing on complex maps become inputs for analytical performance
prediction models. For example, preparing a cross-country movement (CCM)
map would begin by combining the overlays for slope, soil, and vegetation
into a complex map. Those data elements affecting CCM, i.e. percent slope,
stem spacing, stem diameter, soil strength, etc., are then recorded in the
complexed areas of the map. When processed by analytical models, these
elements are transformed into vehicle speed predictions for each complexed
area.
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1.3 Drainage and Water Resources Data Fields. The drainage and water
resources data field consists of three sets of factor overlays, each with
accompanying data tables as outlined below:

A 1:50,000 scale watercourse and water body factor overlay with
three data tables that provide information on surface water.

A 1:50,000 scale drainage basin factor overlay with three data
tables that provide information primarily on physical dimensions of basins.

A 1:50,000 scale ground water factor overlay with two data
tables that provide information on ground water.

Before proceeding to a more detailed discussion of each of the data fields,
-it must be emphasized that it is very unlikely the analyst will be able to

fulfill all of the data field requirements for a particular map area during
the initial generation of an overlay. Rather, generation of the drainage
and water resources data base is a cumulative procedure with information
added as it is obtained.

1.3.1 Watercourses and Water Bodies.

Rivers, streams, brooks, and creeks are some of the terms
used to describe water that flows over the earth. Owing to the problem of
defining these terms with physically measurable quantities, e.g. width,
depth, discharge, etc., none of these terms receive great emphasis in this
guide. Instead, surface-flowing waters, without regard to size, are
referred to as watercourses. For standing bodies of water, many terms
such as lakes, ponds, and reservoirs could be applied to these bodies.
However, to standardize this nomenclature, these standing bodies of water
are referred to as water bodies in this guide.

Both watercourses and water bodies can be of great
importance to the Army field commander. He must have access to up-to-date
surface water data so that he can effectively use the resources available
to him. Most of this information is located in the watercourse and water
body data field that contains information called data elements. These
elements include watercourse widths and alinements, bank slopes and
heights, hydrologic structure locations, and other data. It is the
terrain analyst's responsibility to derive and then record this information
either on the factor overlay (figure 1.2) or in one of the data tables
(figures 1.3-1.5). Review the data element information below and note
which elements are included on the factor overlay and which are included
in the data tables.

1.3.1.1 Watercourses and Water Bodies Data Elements.

a. Factor Overlay

* (1) Alinement of all watercourses.

13
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(2) Shore alinement of all water bodies.

(3) Terminal points and identification of

watercourses with dry gap widths 3 meters (m) or greater.

(4) Terminal points and identification of

watercourse segments with dry gap widths 3 meters (m) or greater.

(5) Dry gap widths, by classes, of water-

courses with gap widths 3 meters (m) or greater.

(6) Average maximum depth during seasonal

high and low water periods.

(7) Bank heights and minimum/maximum slopes

above mean water for watercourses with gap widths greater than 50 m.

(8) Delineation of wet areas.

(9) Structures and special features/areas.

(10) Point and area obstacles.

(11) Areas subject to flooding.

(12) Location of watercourse cross sections.

(13) Navigation channels.

(14) Location of fords and ferries.

b. Data Tables

(1) Classification of watercourses, water

bodies, and wet areas.

(2) Wet and dry gap widths.

(3) High and low water conditions.

(4) Water velocity and maximum discharge.

(5) Bank and bottom information.

(6) Representative watercourse cross sections.

(7) Tidal influence.

(8) Water quality information.

18



(9) Ice conditions.

(10) Description/sketch of point and area
obstacles.

(11) Navigation information.

(12) Description of areas subject to flooding.

(13) Description/sketch of hydrologic
structures and special features/areas.

1.3.2 Drainage Basins.

Watersheds, drainage basins, and cacchment basins are
terms often used interchangeably to describe the terrain from which a lake,
river, or stream receives water. The size of these terrain features
varies greatly, ranging from an area as small as I hectare (10,000 m2) to
an area encompassing thousands of hectares. The Mississippi River basin,
for example, is composed of many smaller basins that when added together
include most of the central portion of the United States. However, the
tactical commander is rarely concerned with the hydrologic characteristics
of drainage basins of such large dimensions, but rather he is primarily
interested in the characteristics of basins located in I or 2 Corps-sized
areas (approximately 1,000 km2 ).

Each drainage basin responds to precipitation in a unique
manner that is controlled by the hydrologic characteristics of the basin.
The terrain analysts' responsibility is to determine some of these
essential basin characteristics and then to record them on the overlay and
in the data tables. This basic information, when used in conjunction with
more detailed information, can then be used to answer important questions,
for example, how long does it take for rainfall of a given intensity to
cause an increase in discharge at a point downstream? The answer to these
questions can have great influence on the planning of tactical operations.

1.3.2.1 The Hydrologic Budget.

Because the total quantity of water available to
the earth is indestructable and limited, the total global hydrologic budget
can be looked upon as a closed, cyclical system (figure 1.6). Although
the world's budget can be thought of as a closed system, each individual
drainage basin is an open system. This is because a considerable amoutnt
of the precipitation that falls within the boundaries of the basin is lost
through factors such as surface runoff, evaporation, and infiltration
(figure 1.7).

The basin characteristics that must be described
or physically measured to understand the hydrologic behavior of each basin

19
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RW= SURFACE RUNOFF WATER PW = PRECIPITATED WATER

IW =INFILTRATED WATER EW EVAPORATED WATER

GW =GROUND WATER TW =TRANSPIRED WATER

Figure 1.6 Hydrologic Budget.
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are called data elements. The terrain analyst must fulfill tie da ta
requirements for each element by extracting information from topographic
maps, aerial photos, and technical literature. This data element infor-
mation is then recorded on the drainage basin factor overlay (figure 1.8)

or in one of the three data tables (figure 1.9). Review the data element
information given below and note which data elements are included on the
factor overlay and which are included in the data tables.

1.3.2.2 Drainage Basin Data Elements.

a. Factor Overlay

(1) Alinement of all watercourses.

(2) Delineation of the boundaries of

primary, secondary, and tertiary drainage basins.

(3) Letter identification of each primary
and secondary drainage basin.

(4) Alphanumeric identification of each
tertiary drainage basin.

b. Data Table 4. Primary Drainage Basins

(1) Identification symbol (single letter)
and name of primary drainage basin.

(2) Name(s) of political unit(s) located
within the basin's boundaries.

(3) Total sur face area of the dra na,,c
basin (hectares).

(4) Length of primary basin channel (kii'.

(5) Type and location (UTNi cooi:tes) of
hydr Logic structures.

(6) Number of secondary drainage basins.

(7) Number of tertiary drainage basins.
4

c. Data Table 5. Secondary Drainaze Basins

(1) Identification symbol (double letter)
and name of secondary drainage basin.

(2) Total surface area of the drainage

basin (hectares).

22
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(3) Length of secondary basin channel (km)

(4) Type and location (UTh coordinates) of
hydrologic structures not recorded in Data Table 4.

d. Data Table 6. Tertiary Drainage Basins

(1) Identification symbol (letter and number)
and name of tertiary drainage basin.

(2) Total surface area of the drainage basin
(hectares).

(3) Length of tertiary basin channel (km).

(4) Type and location (UTM coordinates) of
hydrologic structures not recorded in Data Tables 4 or 5.

1.3.3 Drainage Basins.

In addition to the surface water and water vapor
components of the hydrologic budget, another important component, ground
water, is found in the saturated zone beneath the earth's surface (see
figure 1.6). Only a fraction of the rain water that falls on a drainage
basin flows out in the basin's network of watercourses. Some of the water
evaporates, some is used by vegetation, and some seeps into the ground.
The latter process is an origin of ground water.

As shown in figure 1.6, the ground water surface

(water table) is a reflection of the surface topography, but with less
relief. In areas where water bodies and wet areas occur, the water table
can be expected to be continuous with the surface of these features. When
such features are absent or widely spaced, the water table's elevation
must be determined from measurements, such as those taken from observation
wells. If the water table is exposed, as on a valley slope, a rock
fracture map produce a spring. This water source may be active through-
out the year or for only a portion of it, depending upon the degree of
seasonal fluctuation in the water table.

Ground water can be an important source of fresh
water, especially in dry areas, and for this reason, the analyst must
accumulate data on this component of the hydrologic budget. Listed below
are the data elements associated with the ground water data field. Review
this information and note which elements are included on the factor overlay
(figures 1.10 and 1.11) and which are included in the data tables (figure
1.12).

1.3.3.1 Ground Water Data Elements
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of known ground water levels to construct a contour map.

Figure 1.11 Alternate Format for Ground Water Factor Overlay.
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a. Factor Overlay

(1) Location of wells and springs.

(2) Location of observation wells.

(3) Location of water quality sample sites.

(4) Contour map of gound water surface (if

sufficient number of ground water levels are known).

b. Data Table 7. Wells and Springs

(1) I.D. numbers and UTM coordinates of all
wells, springs and water quality sample sites.

(2) Yield, gallons per minute (gpm), of wells
and springs and date measured.

(3) Specific capacity (gpm/ft. drawdown) of
wells.

(4) Well dimensions and depth to water.

(5) Water quality information.

(6) Remarks.

c. Data Table 8. Observation Wells

(1) I.D. numbers and UTM coordinates of all
observation wells.

(2) Well dimensions.

(3) Depth-to-water table information.

(4) Land surface datum (l.s.d.) above mean sea

level (m.s.l.).

2. SOURCE MATERIALS

2.1 Watercourses and Water Bodies

No one source can provide the comprehensive data required
to complete the watercourses and water bodies factor overlay and data
tables. However, one source that is very useful is large-scale topo-
graphic maps, particularly to obtain watercourse and water body shore
alinement. This source can also be used for position information (UTM

29
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coordinates).

Vertical aerial photography, especially that of 1:20,000, or larger
scale, is also a very valuable source of information. It can be used
to determine watercourse and water body shore alinement, to locate new
hydrologic structures, to determine bank heights and dry gap widths, and
to obtain other information.

Literature sources, depending on quality and format, may be primary
sources of information, or they may be used to fill information gaps that
cannot be filled through the analysis of maps or aerial photography.
Literature sources include water resources data collected by government
agencies, information obtained from hydrology texts, and water resource
intelligence studies.

2.2 Drainage Basins

Mist of the information required to complete the drainage basin
overlay and data tables can be derived from topographic maps of 1:50,000,
or larger, scale. When a topographic map of the area of interest is not
available, or is very old, a mosaic of vertical aerial photographs can be
used to provide the base map from which to add information. Additional
source materials include the watercourses and water bodies factor overlay
and drainage basin management studies.

2.3 Ground Water

Source materials that should be incorporated into the ground
water analysis include large-scale topographic maps which should be at
1:50,000, or larger, scale. These maps are used as a base for presenting
ground water data collected from other sources. If a suitable topographic
map is unavailable, a planimetric map or vertical aerial photo mosaic may
be used.

Additional sources include all available data on the hydrology
and geology of the area of interest. This includes published information
from technical publications and articles and unpublished data available
from government agencies and bilateral aid investigations. Private sources
such as oil companies, mining companies, and consulting firms should be
contacted for additional geologic and hydrologic information.

3. PROCEDURAL. OUTL INE

This section provides an overview of the step-by-step procedures
required to perform a complete drainage and water resources analysis; the
final product of this analysis being three factor overlays, one each for
watercourses and water bodies, drainage basins, and ground water. The
outline is presented as a pictorial flow diagram showing what analyses are
required and the sequence in which they are normally performed.
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What 'is to be done is indicated in this tectrion and how it is done is explained in the
Analysis and interpretation Procedures section. Although the flow diagram illustrates many
separate steps tor clarity, it will often be more practical to Combine two of More steps into a
single operation.

3.1 WATERCOURSES AND WATER BODIES

1.i1.i1 OPOGRAPIIIC MAP ANALYSIS

a. Register overlay material to the

$ 1:50,000 topographic map.

b. Prepare data table worksheets

c. Trace the alinement of all watercourses,
water body shorelines and boundaries of
wet areas.



d. Record the locationt of all existing fords and
ferries.

e Trace 'he boundaries of all areas
subject to flooding.

f. Identify all point and ares obstacles
whiich pose, obstacles to movement.
Review the Coastal Hydrogrsphy
Section of AMS TMV S-i and Appendix
A-2 of this guide for apprnopriate symbology.

COASTAL i4YOROGRA MiY

FEATURE LARGE SCALE SCALE ISCALEA
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9 Record the location of hydrologic
structures on the overlay Symbolize
each structure as shown in Table 2 -
Overlay Representations o! Miscel-
laneous Features.

TAMa "ItATIORAcOIP Wnt m as C J.ASO 5AI'

h Record the location of special teatures/
areas on the Overlay These are
important hydrologic teatures that do
not tall into one ot the other factor

overlay categories

Specilt area

33



Construct cross section sketches at
selected locations along the
watercourse. Record these sketches
at an appropriate scale in Data Table 1.
(Th-s information should be obtained
after watercourse segments have been
established. See section 4.2.2 6.)

9 *I

. r I'---

Use watercourse segment horizontal
distance and change in elevation between
upstream and downstream limits (AE) to
calculate slope angle for each watercourse AE
segment Record slope angle in Data
Table 2 (This information should be Slope Angle 4
obtained after watercourse segments
have been established. See section 4.2 2.6 L

Horizontal Distance -- v

*i
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3 1,2 PHOTO ANALYSIS

a Prepare Mosaic from alternate photos

ta Pace veray mteral oer he m sai

c ~ ~ ~ ~ ~ ~ ~ ~ * / a~etepoosseeso~aI
anddeer in i te liem ntofal

bn Phaovela bteilue on the matc

djerived wyorking) overlay.

4
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d. Transfer the photo-derived alinement
information to the rrlap-derived
lsorking) overlay.

e Stereoscopically measure each water-
course s dry g~ap and determine where
watercourse width class transitions
occur

fMark each width class transition point
by drawng a line perpendicular to the
watercourse and adding an arrow
pointing upstream

ftdth Class int-ria ,

)1 3-10 - '

V 2535

VI 35-50

vii -50
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g. Determine the average dry gap distance
for each watercourse segment Record
this value on the overlay

44 Magnification tube

Dry gap width

h. Erase origina! alinement symbology and
replace with the watercourse symbol
hat represents the measured gap
width.

V I..... ...

/I Gap Width
Symbology

37



iAs required. assign the terminal point
symbol to watercourses 3m or greater 11in Width

I.Compare the vvorkinq overlay wvth the
photos to determine if all wvarercoui ses,
Water bodies and wvet areas present on
the photos have been recorded on the
overlay

Working Overlay

kAssign an ID number to each wvater-
course, Water body, and wet area.
Classify each into a hydrologic class
and record this information in the data

K
01d

2, %

NJ ,. ~ cif, A ,

MIES9~p



1. Establish watercourse segment start/ D, * ,,

end points. Segments on watercourses
with gap widths 50m or less are estab-
lished on the basis of width class.
Segments on watercourses with gap
widths greater than 50m are selected
on the basis of bano heights.

m. Establish water body shore segment
start/end points. Segments are selected
on the basis of bank heights.

~El

n. Assign identification letters to all water-
course and water body segments.
Record these letters in the data tables.

\4'. C 77 .......
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o. Determine the minimum and
maximum bank slopes for each water-
course and water body segment. Recotd
these values on the overlay and in
Data Table 1. 

2 k

7TANGEWT- G

N--.a S.Ine C--, T-a,2

fz 3. '

mj. Si C~

4 40
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p Compare the working overlay with the
photos to determine if all flooded areas HYDRO6CAIIC AREAS sua~JcE
shown on the photos are outlined on the ILAIuRE TO FLOODNG

overlay Assign an ID number to each I" "
flooded area. Record these numbers in . , ,.
Data Table3 I

2

q. Compare the working overlay with the :)
photos to determine if all point and area
obstacles shown on the photos have
been included on the overlay Assign
an ID number to each point and area
obstacle Record these numbers in
Data Table 2

4

ilO5OGRAPHIiC FEATUE OSAC

N. N -T 0 EO %~ n RIP'iON SNI Ic,,

I4A b 5i& rea.
A~ g0,l~ Awasbs
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r. Compare the working overlay with the
photos to determine if all hydrologic I SPID
structures and special features/areas
shown on the photos have been
included on the overlay. Assign an
ID number to each hydrologic structure
and special feature/area Record these
numbers in Data Table 3

rD

4, b

+ - . +

s Study the working overlay and data
tables and note those areas for which . . , . , . "

information is lacking or incomplete. < ,, .
Attempt to fill information gaps through

literature analysis

ap

7.77X

o. .2 , .. ?* oV= .o .. o. :
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3.1.3 LITERATURE ANALYSIS C [

a, Assemble drainage and water resource
information for the country or area of
interest. Contact literature and map
sources as necessary to obtain specific
information.

&

777

b. Analyze the information and extract
data as required for completion of the
overlay and data tables.

DATA - -AI - WATERCOURhS AND WATEMOO u

.443

t1 - ,.- .- %.- . ...

-.24 -. [- I t, il: Ut' dl :~l

C " '- I- - . -,.- [°0. I -. - *. t_ _{ l - *, 5- 5. i I. l 1. * 0 I-!flU
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3.2 DRAINAGE BASINS

3.2,1 TOPOGRAPHIC MAP ANALYSIS

a. Register overlay material to the
1 .50,000 topographic map or to the
watercourses and water bodies factor
overlay, if completed.

b Prepare data table worksheets ~hT9~£

c. Trace the alinement of all watercourses
and water body shorelines.+

44



d. Deter mine watercourse hierarchy based +upon the relative size of watercourses
within the 1.50,000 factor overlay. Toert ary

* (Consult adjacent topographic maps for
additional information.)

Seconder
Primary

e. Determine the boundaries of each
primary, secondary, and tertiary
drainage basin based on the lay of the 1land.

Drainage basin
boundary '

1. Assign identification nomenclature to
each outlined drainage be&.i. Record
the basin identifiers in column 1 of the
appropriate data table.

1~ 45



g Determine the area of each outlined _________________

basin Record this value in the
appropriate data table

DATA TABLE t, TERTIARY DRAIy

W ~ N. K

h Measure the length of the main water-

cors n each outlined basin
Determine true watercourse length by
comparing the map-measured length
with the meter scale at the bottom of ____________________

the map Record this value in the
appropriate data table

u-I. II i

IDetermine the type and UTM
coordinates of hyidrologic structures

4 ~~located in each drainage basin ), i

Symbolize the structures on the over lay -----
Record type and UTM intormation In t--7 .iz-.>.,. .7i
the appropriate data table.

46



Clean up the final data tables and

overlay. Add mnarginal intormationtothe
overlay as outlined in Appendix A-3 of
this guide.. - ..

474



3,22 PHOTO ANALYSIS (PHOTO ANALYSIS
IS PROBABLY NOT NECESSARY IF
THE TOPOGRAPHIC MAP ANALYSIS
WAS COMPLETED SATISFACTORILY) I

* Prepare mosaic from alternate phiotos

* Plda, overlay material over thre mosaic

c Exiamine the photos stereoscopically
and trace the alignment ot all visible
drainage channels

'48
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9 Determine the area of each outlined
basin Record this value in the
appiroprsate data table T

DATA TABLE 6 TERTIARY DRAI

Basn A , a C m , I",.

ID Namep 1leclr, s, Ler th k_ ,

Measure the lenith of the main C

AMtercOUrse r (a h outhnect nasi,
RcortI l" S Value Lo the aiprorfaQ t
dala lablh

DATA TABLE 6 TERTIARY DRAINAGE B

2 3 4

Bass Area C ,ntl h
ID Name 'Hesarer Ienq kl T, pi

" 1k

15C 9h'5
7 C'ck ___ __

Jz



i Determine the type and UTM
coordinates of hydrologic structures
located in each drainage basin.
Symbolize the structures on the overlay.
Record type and UTM information in
the appropriate data table.

DATA TABLE 4 - PRIMARY DRAINAGE BASINS

1 2 3 4 5 6 7 8 9

ID Name Political Basin Area Channel Hydrologic Structures No of Secondary No of Tertiary
Unitlsi (Hectares) Length (km Type UTM Coord Drainage Basins Drainage Basns

T~im

J!

A %rqLkI Moe 5
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3.3 GROUNDWATER

3.3.1 TOPOGRAPHIC MAP ANALYSIS

a Register overlay material to the

1:50.000 topographic map.

b Prepare data table works leets

2. V IL 25 24

c Record the location of all wells and
springs on the overlay

52



d. Assign an ID number to efich well and
spring symbolized on the overlay.___ ___

Record the ID number, typ of feature,
and name, if known, in columns 1. 2. and 3
respectively of Data Table 7.

1 2 1 3 4 5 6

it) No Type Nam~e CoUTM Yield Da
Cordinates (9Pn) Mae

t WIa~d

e. Determine the UTM coordinates of each 1 2 3 4 5 e
spring and well symbolized on the- - --

overlay. Record the coordinates in 1 oTp aeC T il
column 4 of Data Table 7.I N ordiate UTM m ~ei

Coodlnie "Maw' 911e05
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33.2 PHOTO ANALYSIS

a. Prepare Mosaic from alternate photos

.1 / '
'I 7 .,

b Place overlay material over the Mosaic

li-el-

c. Examine the photos stereoscopically
and determine the location of manmade
features associated with ground water
such as canals and pump facilities.
Note the location of these features on

the overlay.
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d. Assign an ID number to each well and
spring eymboIIMe on the overlay.-- --

Aeco= the 10 number, type of feature.
and name. If known, In columns 1. 2. and 3Id
rospeclvly of Deta able 7.-- - -

1 2 3 4 5 6

10tp~ UTM Veild Do

WWI1

e. Determine the UTM coordinates of each 1 2 3 4 5 6
soring and well symbolized on the - -

overlay. Record the coordinates in Uru Viald
column 4 of Data Table 7.1 ONoTp No PCOOrdlngis (9PM) Me

4 1 Wa*.540 .1.
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fTransfer the photo-derived information
to the map-derived overlay. Attempt to
obtain quantitative infornmation from
other data sources to support and
confirm photo interpretation.

Map-Derived Overlay

56



3.3.3 LITERATURE ANALYSIS

a Make a thorough literature search for
geologic and hydrologic documents
concerning the area of interest These

include geologic maps, hydrogeological
surveys, well logs, and water quality
data

A, 4"

IL wow

f t

113A~a

Analyze this information Record depth

to water table information on the A 4
overlay Extract other data as requiredl 20

for completion of the data tables

0

57
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c. Use the ground water elevation informa-
tion compiled in previous steps toA
construct ground water elevation
contour lines. These are drawn byA
interpolation between known
ground water levels.

A

A

900UNK GAONfv1e

d. Clean up the final overlay and add
marginal information as outlined in -4'-'

Appendix A-4 of this guide.

AA

A>

ID.
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4. ANALYSIS AND INTERPRETATION PROCEDURES

4.1 Introduction

This section, along with Supplementary Procedures (section 4.5),
provides detailed instructions for extracting, reducing, and recording
information required for each of the drainage and water resources data
fields, i.e. watercourses and water bodies, drainage basins, and ground
water. Three principal sources of information: topographic maps, aerial
photography, and scientific literature, are treated in this guide.

Each data field is organized into three sections corresponding to
type of source material. Although organized in this manner for ease of
presentation, the tetrain analyst will seldom separate the analysis in this
manner. In most cases, the analysis of each type of source material will
not occur independently, but rather the data acquired from one source will
be used to support the interpretation of another source. In this way,
information from all sources can be combined to produce a comprehensive,
integrated drainage and water resources analysis.

4.2 Watercourses and Water Bodies

The following paragraphs provide the steps necessary to complete
the requirements for preparing the watercourses and water bodies overlay
and supporting data tables using: 4.2.1 Topographic Map Analysis, 4.2.2
Photo Analysis, and 4.2.3 Literature Analysis. The procedures referred to
under Topographic Map, Photo, and Literature Analvses are in section 4.5,

"Supplementary Procedures".

4.2.1 Topographic Map Analysis

4.2.1.1 Alinement of Watercourses and Water Body Shorelines

Step 1. Use Procedure 1 (4.5.1) to register the overlay
material to the 1:50,000 scale topographic map or drainage compilation.*

Step 2. Use Procedure 2 (4.5.2) to prepare the data
tables.

Step 3. Read through each of the following steps before
starting the analysis to become familiar with the overall approach taken
to the problem of recording watercourse and water bolv shoreline alinement.

Step 4. Use a prisma color or eqijivalent pencil to trac(
the alinemer.t of all watercourses and water body shortliaes. Begin by
tracing the watercourses in the drainage basin nearevt tl,e upper left
corner of the map sheet. Complete tracing the water, ourses and water body
shorelines in that basin, then move to the next basir. to thc right.

Progress across and downi the ;iap sheet until all watc, courses and water
body shorelines have been traced on the overlay.

*The drainage reproducible is a photo negative from whi ch the topographic
map is compiled. A positive drainage compilation of 0is ruproducible can
be easily made on frosted mylar by a rub-on process. !I avilable, tile
drainage compilation can be used in place of the 1:50. J) tiporaphic rap f o
determination of the alinement of watercourses and watt; h\ o,'horelines.

59
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Step 5. Trace the alinement of all watercourses
(perennial) and all water body shorelines (perennial, intermittent, or
drv) with a solid black line. Intermittent or dry watercourse alinements
are symbolized with a dashed line. The solid and dashed lines are used
only to indicate alinement and will be altered later in the analysis when
gap widths are determined.

Step 6. Occasionally check the alinement at the ticks
at each corner of the overlay to ensure it is properly registered to the
topographic map.

Step 7. Remember that watercourses symbolized by two
lines on the 1:50,000 scale topographic map are 25 m or greater in width
and are the only ones drawn to scale. Make sure the gap widths of all
double line streams are traced exactly on the overlay.

Step 8. When the alinements of all watercourses and
water body shoreline-s have been traced on the overlay, check to see that
no small water bodies or small watercourse tributaries have been overlooked
In particular, study the contour lines near the furthest upstream portions
of each watercourse. Miere appropriate, estimate the approximate alinement
of watercourses not included on the map by connecting identations in

adjacent contour lines (see figure 4.1). [his step cannot be performed
from information on the drainage compilation.

Probable watercourse

Fiqure 4.1 Watercourse Alinement Based on Contours.

00.F i__ re41WtroreAieietBsdOlCMi



Step 9. Place the water body and watercourse names on
the overlay in approximately the same size lettering as used on the base

map (see figure 4.2). Do not use names on the overlay where they would
clutter the overlay or obscure other data.

Figure 4.2 Placement of Watercourse and Water Body Names.

4.2.1.2 Wet Area Boundaries

Step 1. Trace the boundaries ot wet areas on the over-

lay. These areas include marshes, swamps, paddy/wet crops, peat bogs, etc.

and are identified by the overlay symbol for wet areas (figure 4.3).

Step 2. If any doubt exists about which features are

considered wet areas, consult Table 1. Overlay Representations of U.S.

Inland Hydrography Symbols.

Step 3. Hand draft the wet area symbols in accordance

with appendix A2.
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6W.

Topoqr:iphic Map

AL

'Di

Fit (-), rlay

F igure 4.3 Topographic Map) and Factor Overlay of Same
Area with Wet Areas Bound.

!4.2 1 j 3 ords and 1:err ies

Sttp I . Starting in the upper left corner of th0 over-
lav and workin,,' ac ross ard down, svstematicsd Ilv record the locations of

4 kowncrosing sites, i.e . fords and ferries; (figure 4.4). Detailed char-
an terist ics of fords and] fcrries cannot he derivod from the topographic
ilmap. To d1, termine whether a given ford or ferry is suitable as an infantry
or vehicular crossing s ite, one miust analyze additional sources, inc luding
aerial photography and informiation on veh ic 1e streami crossing capabilities.
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0.

Topographic Map

Factor Overlay

Figure 4.4 Topograph ic M.Jif ani)( Factor Over lay of Samle
Area withl Fords Symbolized.



St up 2. AL each ford and ferry site, hand draft on the
0eve r Ia' Lt' appropriate symbol1 in accordance with s\'mnbol.i Zation instruc-
t ions in appendix A2.

4 .2 .I. 4 A\rea s Sub 1Lc t t o F]lood ing

Step L. Fol low the shiorel ines of all water bodies and
%,,,ic rcou rse s shI own ein the topI)og r aphIic mnap . Pay particular at tention to
dOoIi' 1ine W~ate rcourse:s and large water bodies because land ad jacent to
these( a reas can he susceptible to natural inundati on.

Step 2. Mhen located, trace the boundary of each area
on lhe overlav and svmbeo ize as an area subject to floodin-g (fip!ure 4. ).

Step 3. Hand draft: th'e symbol30 for areas subject to
flooed i ng in ac cordance wit tliappendiK: A2.

Fijure 4 5 Map Overlay vvith Bound Areas Indicating Land
SUblect to Natural InundatiOnl.



4.2.1.5 Point and Area Obstacles

Step 1. Starting in the upper left corner of the over-
lay and working across and down, systematically identify and symbolizeall point and area obstacles (figure 4.6).

0 0 0

0 0~

Figure 4.6 Point and Area Obstacle Identification.

Step 2. Review ttie coastal hydrography symbols for
features that pose obstacles to waterborne movement. These features
include, but are not limited to submerged breakwaters, exposed wrecks,
and rocks awash. In each case, symbolize the feature on the overlay with
a sketch of the appropriate coastal hydrograph% symbol* (see figure 4.7).

COASTAL HYDROGRAPHY

FEATURE LARGE SCALE MEDIUM SMALL 
!____ LARGE SCALE SCALE (

[ . . .... .... .

Figure 4.7 Coastal Hydrography Symbols.

*Defense Mapping Agency Hlydrographic/ropographic Center, "Spec i fi cations
for Military Maps", I)MAII'IC TM S-1 , Ch. 6, Sect. 8.
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Step 3. Symbolize area ob adces, such as Sebkha
areas, * in accordance with symbolization instructions in appendix A2
(see figure 4.8).

Area obsti .

Figure 4.8 Point and Area Obstacle Symbolization.

4.2.1.6 Hfvdrologic Structures

Step 1. Record the position of hydrologic structures
on the overla,. These structures include (1) bridges, (2) tunnels,
(3) dams, (4) cable crossings, (5) levees and other flood control
structures, and (6) locks, lifts, and other hydraulic structures.

Step 2. If doubt exists on how to symbolize a

specific structure, consult Table 2. Overlay Representations of Miscel-

laneous Features.

Step 3. Hand draft the hydrologic structure symbols
in accordance with appendix t\2 (see figure 4.9).

4

• Sebkha areas are flat plains of salt-encrusted clayey soil that occur
inland on desert areas, and adjacent to coastal waters in arid and
semiarid regions.
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Figure 4.9 Topographic Map and Factor Overlay of Same
Area with Hydrologic StrL.5.tures Symbolized.
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4.2.1.7 Special Features/Areas

Step 1. Starting in the upper left corner of the over-
lay and proceeding to the right and down, record the location of special
features and areas. These are important hydrologic features and areas
that do not fall into one of the factor overlay categories.

Step 2. Where map boundary lines delimit the feature
or area of interest, retain these lines on the overlay. In some cases,
boundary lines may be added to the features or areas of interest to
delineate them clearly. Special features generally have point locations
and include, but are not limited to gaging stations and navigation aids,
such as towers and lighthouses. Special areas include, but are not
limited to, natural or manmade structures, such as glaciers, sewage
disposal and filtration beds, fishponds, and salt evaporation ponds.

Step 3. Hand draft the special feature and area
symbols in accordance with appendix A2 (see figure 4.10).

Figure 4.10 Map-derived Overlay with Special Features and Areas Symbolized.

4.2.1.8 Cross Section SketclK

Cross section information shoul.d be obtained after
watercourse segments have been established (see sections 4.2.2.6-
4.2.2.8).

Step 1. At selected locations on the watercourse, draw
a line (profile line) approximately perpendicular to the direction of
water flow (figure 4.11). Extend this line a sufficient distance on both
banks of the watercourse to include at least the first break in slope
above water level, and preferably well beyond that point. Cross section

87
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Figure 4.11 Drawing a Cross Section Sket 'i.
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should bc obtained primarily at points representing the average channel
cross section for a given watercourse segment, or at any point where the
channel iadically changes shape.

Step 2. Use graph or blank paper for recording the cross
section sketch. In the following steps, blank paper is used, although
similar steps would be followed when using graph paper.

Step 3. Find the value of the highest and lowest contour
lines that cross or touch the profile line. To ensure that elevation
extremes along the profile will be shown, add one contour value above the
highest, and one below the lowest, contour value.

Step 4. Draw equally spaced horizontal lines on a blank
sheet of paper. Draw one line to represent each contour value determined
in Step 3.

Step 5. Assign contour values to each of the equally
spaced horizontal lines. To the top line, assign the highest value, to
the bottom line, assign the lowest value. To the remainder of the lines,
assign intermediate contour values in sequence.

Step 6. Place the lined (or graph) paper on the map with
the horizontal lines adjacent and parallel to the profile line A-B (see
figure 4.11).

Step 7. At every point where a contour line crosses or
touches the profile line, drop an imaginary line perpendicular to the
horizontal line having the same value as the contour line. Place a tick
mark where the imaginary perpendicular crosses the horizontal line.

Step 8. Estimate the elevation of the highest and lowest
points by interpolation. This is done by assuming that a constant slope
gradient exists between adjacent contour lines. The elevation of an
unknown contour point is therefore proportional to the horizontal distance
(see example below).

Given - 20 ft. Contour Interval
Find - Elevation of point (X)

Example: 9

1.0 = X
1.3 20
X = 15.4 ft.
Elevation of point (X) = 195.4 ft.
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Step 9. Connect all tick marks with a smooth natural
curve because hills and valleys are usually rounded. The actual water-
course channel cross section must be estimated because its dimensions will
not be resolved by commonly occurring contour intervals. Channel cross
sections can usually be expected to approximate a V or U shape.

Step 10. Use a reflecting projector, or similar device,
to project the cross section sketch onto the Cross Section Sketch column
of Data Table 1 at an appropriate scale.

Step 11. Record the location of the cross section on
the overlay with the cross section symbol. See appendix A2 for symbol
dimensions.

Sten 12. Assign an ID number to each cross section
location on the overlay. Also, record this number next to the cross
section sketch in Data Table 1.

4.2.1.9 Watercourse Slopes

Slope information should be obtained after watercourse
segments have been established (see 4.2.2.6-4.2.2.8).

Step 1. Determine the change in elevation from the
head (upstream limit) to the foot (downstream limit) of the watercourse
segment of interest.

a. Estimate the elevation of the head of the
watercourse segment. To accomplish this, use the interpolation method
outlined ir. Step 8 of section 4.2.1.8.

b. Estimate the elevation of the foot of the
watercourse segment.

c. Subtract the downstream limit value obtained
in Step b. from the upstream limit value obtained in Step a.

Example:

Change in Elevation (AE)= Upstream Limit Value -

Downstream Limit Value

AE = 624 ft. - 459 ft.

AE = 165 ft.

Step 2. Determine the length of the watercourse segment
of interest. To accomplish this, use the procedure outlined in Section
4.3.1.3.
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Step 3. Use the change in elevation and watercourse
segment horizontal distance information to calculate the watercourse
slope angle.

AE

ri 
Slope Angle 4

a-- Horizontal Distance -- r

Calculate the tangent of the watercourse slope angle.

Example:

Tangent Slope 4 = AE from Head to Foot of Watercourse Segment

Watercourse Horizontal Distance

Tangent Slope 4  165 ft.

3960 ft.

Tangent Slope 4 .04167

Use a table of natural tangent values to determine the angle whose
tangent most closely approximates the value calculated in this step.

Slope 4  2.3°0 (From Table)

Step 4. Record the watercourse segment slope angle
value in the "Slope in Degrees" column of Data Table 2.

9
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4.2.2 Photo Analysis

4.2.2.1 Alinement of Watercourses and Water Eody Shorelines

Step 1. Use Procedure 3 (4.5.3) to prepare . photo

mosaic from alternate photos in each flivhtline (see fiiure 4.12).

The frosted mylar that is placed over the mosaicked
photography is used for protecting the photos and as a medium or which
notes can be recorded. All information will utimately be recorded on the
map-derived (working) overlay and in the Hydrography Data Tables.

'' /

F iqUre 4.12 Ar rangement of Alternate Photos.

Step 2. As required, refer to the photo mosaic and t.t,
,ver I;lav l r iv ~t IroT; tire tepo :raphic map analysis (figures 4.13 ard ..

I.oc;it o ton ie latter ovtrl-l:i\ -ll w;ter bodies that are visible on t l,

photos. , flc,dd, cenullt stereogranms 1 through 10 of this : id,
a.s approp riatL t , -tiens o I In:,incer Intelli ne e (luide :32.*

crepaneit's b twi. 'l vI r-I'r ,I: iid photos aire found, t raC' tiW 1!1 ,
WaItL r bod,. shoL 'I ilt S o11 tilkt' ov' rI itv mater!i , inld th i k i "

info mtil tion to tilt' workin; ov -' i%,.

A r.S. , n ! ,,,inC r Inti' I .,'nct (lilidt., 'r '

St ru turcs," I(; ,2.
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Figure 4.13 Photo Mosaic. Figure 4.14 Map-derived Overlay.

Step 3. Use the photos to determine if the alinement of
all watercourses, especially small obscure ones, have been included on the
working overlay. Carefully study the furthest upstream portions of each
watercourse, and determine if the watercourses inferred from contour lines
are, in fact, probable watercourses. It may be necessary to erase some
inferred watercourses and to add others not picked up in the map analysis.
In densely wooded areas, where trees obscure vision to ground level,
connect linear depressions in the forest canopy to estimate probable
watercourse alinement (see figure 4.15).

MIR

Probable watercourse alinement
(along linear depression in forest
canopy)

Figure 4.15 Method for Interring Watercourse Alinement.
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In other areas, watercourse alinement can be estimated from the fact
that vegetation will often follow gully bottoms where more moisture is
available. In these areas, estimate watercourse location by tracing the
alinement of linear vegetation growth (see figure 4.16).

Probable watercourse alinement
(along linear vegetation growth)

Figure 4.16 Alternate Method for Inferring Watercourse Alinement.

Step 4. Use Procedure 8 (4.5.8) to transfer photo-
derived information on watercourse alinement to the working overlay.

4.2.2.2 Watercourse Gap Widths

Step 1. Use Procedure 5 (4.5.5) to determine the rep-
resentative fraction of the aerial photography.

Step 2. Determine the locations where watercourse width
class changes occur. Refer to the table below for width class change
intervals.

Width Class Intervals (meters)

1 0-3

11 3-10

111 10-18

IV 18-25

94
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Width Class Cont. Intervals (meters) Cont.

V 25-35

VI 35-50

VII >5C

of each watercourse.(a) Start measurements at the furthest upstream 
portion

(b) Use Procedure 6 (4.5.6) to measure dry gap
distances. Background: Watercourse segments are based primarily on
photo measured dry gap widths. This is the horizontal distance across
a watercourse, bank to bank measured at the first slope break above
mean water level (see figure 4.17).

Dry 
Gap 

Width 

-

Mean Water Level

Figure 4.17 Watercourse Cross Section.

Step 3. On the photo overlay and the working over-
lay, record the locations of the width class transition points. Use
the appropriate roman numeral from the preceding table to mark these
locations. At each width class transition point, draw a line perpen-
dicular to the watercourse, and add an arrow pointing upstream (see
figure 4.18).

ZI

Width class
transition point

Figure 4.18 Working Overlay with Width Class Transition Points Indicated.
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4.2.2.3 Watercourse Width Symbology

Step 1. For each width class segment 3 meters or greater
in width, choose a segment location that appears to represent the average
dry gap distance (see figure 4.19). Use Procedure 6 (4.5.6) to measure
the dry gap distance at this point.

Magnification tube

Figure 4.19 Selection of Location for Measurement of Average Dry Gap Distance.

Step 2. Record this value in pencil on the working
overlay, adjacent to the watercourse, at the approximate location
where the measurement was made (see figure 4.20).

96
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'iDry gap width

II

Figure 4.20 Working Overlay with Segment Dry Gap Widths Indicated.

Step 3. Starting with the furthest upstream segment

of each watercourse, erase the original alinement symbology (as well as
width class roman numeral and upstream arrow). At the same time, sub-

stitute the watercourse symbol that represents the measured gap width.

Refer to the list below for appropriate symbology. Repeat this step for

each watercourse segment that is less than 50 meters in width (figure

4.21).

Width Class Gap Width (m) Symbol

1 <3

11 3-10 .....

1ll 10-18

IV 18-25

V 25-35

V1 35-50

V >50 - (drawn to scale)

97
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ZI1

Tf

5l

_- Gap Width
Symbology

Figure 4.21 Working Overlay with Original Symbology Partially
Replaced by Appropriate Gap Width Symbology.

4.2.2.4 Watercourse Terminal Points

Step 1. Assign the watercourse terminal point symbol
to each watercourse 3 meters or greater in iLdth where it crosses the
map neatline (see figure 4.22). Refer to appendix A2 for dimensions of
the terminal point symbol.

t'' )F
IT

* Figure 4.22 Working Overlay with Terminal Point Symbols Where Watercourses
3 meters or Greater in Width Cross the Map Neatline.
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Step 2. Assign the watercourse terminal point symbol
to each watercourse where the dry gap becomes 3 meters or greater in
width (see figure 4.23).

7l

Figure 4.23 Working Overlay with Terminal Point Symbols Where the Watercourse
Dry Gap Becomes 3 meters or Greater in Width.

Step 3. Assign the watercourse terminal point symbol
to locations where the watercourse loses its identity by entering a
water body or lareer watercourse, or where the watercourse regains its
identity by emerging below a dam. Refer to information on the 1:50,000
topographic map to locate watercourse end points (see figure 4.24).

'I I
J/

4,4

clear Lake

Topographic Map Working Overlay

Figure 4.24 Topographic Map and Corresponding Working Overlay
with Watercourse Terminal Points Indicated.
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4.2.2.5 Classification of Water Bodies, Watercourses, and Wet
Areas

Step 1. Establish stereo vision by using, as needed,
the alternate photos not used in composing the mosaic.

Step 2. Systematically study each photo in the mosaic.

Step 3. Compare the working overlay with the photo
mosaic to determine if all watercourses, water bodies, and wet areas
occurring on the photos are recorded on the overlay.

The image characteristics of water bodies, watercourses,
and wet areas can vary -greatly and are dependent upon various factors
including the incidence angle of reflected sunlight, photo scale,
season of the year, meteorological conditions, etc. Because of this
variability, the image characteristics of identifiable water bodies,
watercourses, and wet areas should be studied stereoscopically, looking
for areas with similar characteristics on the photos that have not been
recorded on the overlay. Consult stereograms 1 through 10 of this guide
as well as Engineer Intelligence Guide #32* for additional information
on this subject.

Review Table 1. Overlay Representations of U.S. Inland
Hydrography Symbols to become familiar with the features classified as
wet areas. Swamps and marshes are often the most obvious features,
although many other features are also symbolized as wet areas on the
overlay.

Step 4. When discrepancies are found between the
working overlay and the photo mosaic, transfer the unrecorded information
to the overlay. Use the appropriate symbol from appendix A2.

Step 5. Number each water body, watercourse, and wet
area consecutively, starting in the upper left corner of the overlay.
Progress to the right and down the overlay in a normal reading manner
(see figure 4.25).

*U.S. Army Engineer Intelligence Guide, "Stream Hydrology and Hydraulic

Structures," EIG32, pp. 4-14.
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T. 
L

Figure 4.25 Working Overlay with ID Numbers Assigned to All
Water Bodies, Watercourses and Wet Areas.

Step 6. Record the ID number in the first column of
the Hvdrography Data Tables 1 to 3 (see figure 4.26).

Step 7. Identify each feature by local name, if known,
and classify each into one of the following hydrologic classes (see
Glossary for definition of terms):

Hydrologic Classes

*River
Stream

Inland Waterway
Aqueduct, Penstock, Pipeline, Flume
Canal (navigable, abandoned, under construction)

Irrigation Canal/Ditch
Drainage Canal/Ditch
Lake

Pond
Inland Sea
Marsh
Swamp
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Paddy/Wet Crops

Salt Pan
Reservoir (includes under construction and normally dry, flood

control reservoirs)
Lagoon

Step 8. Record the local name and classification
information in the appropriate columns of each Hydrography Data Table
(see figure 4.26).

HYDROGRAPHIC FEATURE

ID LOCAL

NO NAME CLASS SEG NO

It d

4 IAk, Note. Data taken from Figure 4.25.

Figure 4.26 A Portion of Data Table 1 - Watercourses and Water Bodies.

4.2.2.6 Watercourse Segment Start/End Points

4.2.2.6.1 Watercourses with dry gap widths of 50m or
less.

Select segments primarily on the basis of
watercourse width. When known, extreme changes in bank, depth,
bottom, or velocity conditions may also be reasons for selecting
segments. Refer to the working overlay and the photo mosaic as necessary
while performing the following steps:

Step 1. Begin with the furthest upstream
portion of each watercourse with dry gap widths of 50m or less depicted
on the working overlay. Use the watercourse start/end point symbol to
mark the location where the first width class transition point occurs
downstream from the watercourse terminal points marked previously (see
figure 4.27)

d s Step 2. Refer to appendix A2 for symbol

Step 3. Progress downstream and mark the

location of each successive width class transition point with a water-
course segment start/end point symbol.

Step 4. Repeat steps 1 thru 3 until water-
course segments have been established on all watercourses with dry gap
widths of 50m or less.
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DIy gap widti

4 4 1

Wavlercow- 5 ,g Tirert
tot )n , p . .

Watercourse

Figure 4.27 Working Overlay with Segment End Points Established
Where Width Class Transitions Occur.

4.2.2.6.2 Watercourses with dry gap widths of greater
than 50m.

Select segments on the basis of bank height.
Establish a separate series of segments for each side of the watercourse.

Step 1. If not done previously, use Procedure
5 (4.5.5) to calculate the representative fraction of the photography.

Step 2. Establish stereo vision by using, as
needed, the alternate photos not used in composing the mosaic. Securely
fasten the stereo mate (alternate photo) to acetate, overlaying the photo
mosaic.

Step 3. Refer to the photos and map to
establish a reference point from which to begin bank height measurements.
The reference point may be where the watercourse crosses the map neatline,
where it becomes greater than 50m in width, or where it emerges below a
water body.

Step 4. At the reference point established in
Step 3, use Procedure 7 (4.5.7) to measure the vertical distance in meters
between the water's edge and the top of the right watercourse bank.
(Right bank is that bank on your right while facing downstream).

Step 5. Record this value to the nearest
tenth of a meter on the working overlay, adjacent to the watercourse, in
the approximate location where the measurement was made (see figure 4.28).

103

Mq



Step 6. Determine the location downstream
where the bank height differs from the first measurement by +1.0 m.

Step 7. Mark that point on the working overlay
with a segment start/end point symbol.

Step 8. Measure and mark subsequent downstream
segments as described in steps 6 and 7.

Step 9. Establish a separate series of
segments for the opposite (left) side of the watercourse.

Bank he,ghl M)

Figure 4.28 Working Overlay with Separate Series of Segments
Established on Each Watercourse Bank.

4.2.2.7 Water Body Shore Segment Start/End Points

Refer to the working overlay and photo mosaic as neces-
sary while performing the following steps:

Step 1. Establish shore segments on the basis of bank
heights. Stereoscopically examine the shoreline of each water body on
the photos. Select a suitable shoreline reference point from which to
begin bank height measurements.

Step 2. At the reference point established in Step 2,
use Procedure 7 (4.5.7) to measure the vertical distance between the
water's edge and the top of the bank to the nearest tenth of a meter.

Step 3. Record this value on the working overlay,
adjacent to the water body shoreline, in the approximate location where
the measurement was made (see figure 4.29).

Step 4. Mark the location of the reference measurement
on the working overlay with a segment start/end point symbol. Darken
the center portion of this symbol to distinguish it from subsequent
start/end point symbols as shown in figure 4.29.
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Bank height (m)

0.6

Shore segment
Start/End point

Figure 4.29 Working Overlay with Shore Segment Start/End
Points and Bank Heights Indicated.

Step 5. Continue around the water body clockwise, and
determine the point on the shoreline where the bank height differs
from the first measurement by +1.0 m. Mark this location on the overlay
with a segiuent start/end point symbol.

Step 6. Record the bank height value to the nearest
tenth of a meter on the overlay adjacent to the segment start/end point
symbol.

Step 7. Measure and mark subsequent bank segments in
the same manner.

NOTE: In the case where there is high topographic relief
along the shoreline, segments based upon 1-meter-height increments may be
impractical. Mhen the bank height changes rapidly, segments may be based
upon multiples of the 1-meter-height increments, e.g. 2 m, 3 m. This
should be done only where steep ,,1opes prevent the use of 1-meter incre-
ments (see figure 4.30).
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-M
Shore profile cr

Overlay

Figure 4.30 Shore Profile Above with Segments Established on the Overlay Below.

4.2.2.8 Segment Identification

4.2.2.8.1 Watercourses with dry gap widths of 50m or

less.

Step i. Assign a lower case segment identi-
fication letter, e.g. a, b, to each watercourse segment on the overlay.
If more than 26 segments are assigned on any one watercourse, use aa,
bb for subsequent segments.

a. Assign the letter "a" to the first
segment downstream from the watercourse terminal point symbol.

b. Assign the letter "b" to the next
downstream segment. Continue to assign a letter to subsequent down-
stream segments until each segment has been assigned an identification
letter (see figure 4.31).

Step 2. Refer to appendix A2 for dimensions
of segment identification letters.

Step 3. Record each assigned segment letter
in the appyopriate column of Data Tables 1 to 3 (see figure 4.32).

Step 4. Determine the average bank height

for both the right and left banks of each segment.

Refer to the working overlay and the photo
mosaic as necessary while performing the following 6 steps.
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1. Establish stereo vision by using, as

needed, the alternate photos not used in composing the mosaic. Securely

fasten the stereo mate (alternate photo) to acetate, overlaying the photo

mosaic.t.1
2. Use available landmarks on the map and

photos to locate the watercourse segment of interest.

, 3. Study the segment stereoscopically and

pick a point on the right bank that appears to represent the average

height of the bank.

4. Use Procedure 7 (4.5.7) to measure the

vertical distance in meters between the water's edge and the top of the

watercourse bank.

5. Record this value to the nearest tenth

of a meter in Data Table 1 under "Right Bank" (see figure 4.32).

6. Repeat 3 and 4 in step 4 for the left bank

and record the bank height in Data Table 1 under "Left Bank".

*
% 26.

%. Segment ID

Dry gap width G2

-- Figure 4.31 Working Overlay with I D Letters Assigned to Watercourse Segments.
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L

HYDROGRAPHIC FEATURE _M al D ANM INe )RMATION
AA HIGH l RIGHT BANK LEFT BANK

GAP- - --
MDT- EIG.T SLOPE EIG.T SLOPE

ID LOCAL CLASS SEG METERS MONT4S IN G MAT ERIA IN IN "TER.Al
EGRE DEGREESNO NAME LETTER METERS MIN MA METERS MINRSMA

SLJq 5
?A 1 a. 49 De & 2

9 Creek ~~ p

4I 0- 2.1 24

CIS7 .L,,ke k Api- S.

Note: Data taken from Figures 4-2q and 4.31.

Figure 4.32 A Portion of Data Table 1with Segment Letters, Bank Heights, and Dry
Gap Widths Recorded.

4.2.2.8.2 Watercourses with dry gap widths of greater

than 50 m.

Double-line watercourses require a separate

series of ID letters for each bank.

Step 1. Assign the ID letter "a" to the
furthest upstream right bank segment. The right bank is on your right

when facing downstream.

Step 2. Assign the letter "b" to the next
downstream segment. Continue to assign a letter to subsequent downstream
segments until each segment has been assigned an ID letter.

Step 3. Repeat steps 1 and 2 on the left

watercourse bank.

Step 4. Record each assigned segment letter

in the appropriate column of Data Tables 1 to 3. In Data Table 1, also
record each segment's bank height. Be sure to record right bank heights
under "Right Bank" and left bank heights under "Left Bank."

4.2.2.8.3 Water Bodies

Step 1. For each water body on the overlay,
assign the ID letter "a" to the first bank segment clockwise from the
darkened start/end point symbol.
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Step 2. Erase the darkened center portion
of the symbol used in Step 1.

Step 3. Proceed clockwise and assign the ID
letter "b" to the adjacent bank segment.

Step 4. Continue around the water body
clockwise until each bank segment has been assigned an ID letter (see
figure 4.33).

®Q
> El Segment ID

Figure 4.33 Working Overlay with ID Letters Assigned to Water Body Segments.

Step 5. Record each assigned segment letter
in the appropriate column of Data Tables 1 to 3. In Data Table 1, also
record each segment's bank height under "Right Bank" as shown in figure
4.32.

4.2.2.9 Segment Bank Slopes

4.2.2.9.1 Watercourses with dry gap widths of less than
50 m.

Step 1. Determine the minimum and maximum
bank slope in degrees for both the right and left banks of each water-

course segment.
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a. Use available landmarks on the map
and photos to locate each watercourse segment of interest.

b. Stereoscopically examine each segment

and determine the location of minimum and maximum slopes for both the
right and left banks.

h ac. At each point, use Procedure 7
(4.5.7) to measure the vertical distance (h) between the water level
and the top of the bank (see figure 4.34).

Rght bank

I Left bank

Figure 4.34 Cross Section of Left and Right Watercourse Banks.

d. At each point, use Procedure 6
(4.5.6) to measure the horizontal distance between the water's edge and
the top of the watercourse bank. This distance will correspond approxi-
mately to the true horizontal distance (d) as shown in figure 4.34.

e. Compute bank slope (0) in degrees
by substituting the horizontal distance (d) and bank height (h) into the
equation:

Tangent 0 = h
~d

Example: h = 1.6m

d = 2.6m

Substitute h and d into the equation and solve for tan 0.

tan 0 = 1.6

2.6

tan 0 = 0.6154

Match the calculated tan 0 value (0.6154) with the natural tangent value
it most closely approximates (see figure 4.35).
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Natural Sines, Cosines and Tangents

Dogs. Function 0.0* 010 0.2 0.3 0.40 0.5 0.6 07 0.8 0. 

sin 0.5000 0.5015 0.5030 0.5045 0.5060 0.5075 0.5090 0.5105 0.8415 0.5135

30 cos 0.8660 0.8652 0.8643 0.8634 0.8625 0.8616 0.8607 0.8599 0.8590 0.8581
tan 0.5774 0.5797 0.5820 0,5844 0.5867 0.5890 0.5914 0.5938 0.5961 0.5985
sin 0.5150 0.5165 0.5180 0.5195 0.5210 0.5225 0.5240 0.5255 0.5270 0.5284

31 cos 0.8572 0.8563 0.8554 0.8545 08536 0.8326 0.8517 0.8508 0.8499 0.8490
tan 0.6009 0.6032 0.6056 0.6080 0.6104 0.6128 M1 0.6176 0.6200 0.6224

sin 0.5299 0.5314 0.5329 0.5344 0.5358 0.5373 0.5388 0.5402 0.5417 0.5432

32 cos 0.8480 08471 0.8462 0.8453 0.8443 0.8434 0.8425 0.5120 0.8406 0.8396
tan 0.6249 0.6273 0.6297 0.6322 0.6346 0.6371 0.6395 0.6420 0.6445 0.6469

sm 0.5446 0.5461 0.5476 0.5490 0.5505 0.5519 0.5534 0.5548 0.5563 0.5577
33 cos 08387 0.8377 0.8368 0.8358 0.8348 0.8339 0.8329 0.8320 0.8310 0.8300

tan 0.6494 0.6519 0.6544 0.6569 0 6594 06619 0.6644 0.6669 0,6694 0.6720

Figure 4.35 Table of Natural Sines, Cosines and Tangents.

The table value of 0.6152 most closely matches the

calculated tangent value and corresponds to an angle of 31.60.

Round off the angle to the nearest whole degree (31.60

rounds off to 320).

Step 2. Record the calculated minimum and maximum bank
slope values in Data Table 1 as shown in figure 4.36.

BANK INFORMATION

HYDROGRAPHIC FEATURE t'H RIGHT BANK LEFT BANK
G A- MAX

D- , DISCHARGE
'U+ QOCA, CLASS E AE44, N +A, , .k,. u
NDO NIAE E. 1 ETE. 14 F V0 N,,0 CU -to5'N

Po~,E Sm~~ 0 S 2 i/sa C.j a -/f G.-G 74.
I cam

0 174C' So o Io 'o~ SK&c{ '74.

Figure 4.36 A Portion of Data Table 1 - Watercourses and Water Bodies.

4.2.2.9.2 Watercourses with dry gap widths of 50 m or
greater and prominent water bodies.

Step 1. Determine the minimum and maximum

bank slope in degrees for each bank segment.

a. Use available landmarks on the map
and photos to locate each bank segment of interest.
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b. Stereoscopically examine each
bank segment and determine the locations of minimum and maximum slope.

c. Compute bank slopes as outlined
previously in section 4.2.2.9.1, step 1.

Step 2. Record the calculated minimum and
maximum bank slope values on the working overlay and in Data Table 1
(see figures 4.37 and 4.38).

-Min.'Max Slope

Bank height - 4

Figure 4.37 Working Overlay with Bank Heights and Min/Max Slopes Recorded.

HYOROGRAPHIC FEATURE RIGHT BAt- BANK Nlom7c AF ANK

p- & Sir a, 9 )q e C 1 /tIG

12 j4 5. C/~ Nr 2. /Ito SH4t4

a, -A -

Noe Dt a e fr o Fiur 4.7

Figure 4.38 A Portion of Data Table 1 - Watercourses and Water Bodies.
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Step 3. When necessary, use the Slope
Conversion Scale (figure 4.39) to convert bank slope in degrees to percent
slope.

b
Angle of Slope Percent Slope Angle of Slope

in Degrees Slope Ratio Degrees

a/bXlO0 (a/b) (A)
0- -

*-1/100-
1/50 -

5 1/20-

5 5
10 -1/10--

- 15=

10- 10
20 1/5-

15 25 15
30

1 3 -
20 3/8- 20

40

25 =25
50 1 '2--

30 60 30

35 70 - 2/3
3/4

40 80 40
90- 7/8

45 - 100- - 1/1 45

50 -- 120= 50

=150 - 3/2-
60 = - 60

- 200 - - 2/1

70 -- 300- 3/1 70

80 500 5/1 80

90 -=2000- 20/1 90

Figure 4.39 Slope Conversion Scale.
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4.2.2.10 Areas Subject to Flooding

Step 1. Stereoscopically examine each photograph in
the mosaic and determine if flooded areas are present.* These areas will
usually occur along existing watercourses and water bodies, or in localized
topographic depressions. Clues to the location of probable flooded areas
include submerged or partially submerged cultural features such as build-
ings, roads, cultivated crops, and fence rows.

Step 2. When a flooded area appears on the photography

and not on the topographic map, trace the boundaries of the unrecorded
flooded area on the working overlay.

Step 3. Refer to appendix A2 for symbol dimensions.

Step 4. Number each area subject to flooding con-
secutively, starting in the upper left corner of the overlay. Progress
to the right and down the overlay in a normal reading manner.

Step 5. Record these ID numbers in Data Table 3 under
the heading "Arec's Subject to Flooding" (see figure 4.40).

HYDROGRAPHIC AREAS SUBJECT
FEATURE TO FLOODING

ID LOCAL 0 LAST D URATION
NO NAME CLASS ODATE DATS CAUSE

%&NO

I 1 %q .... 1 - 1* 
' 

1.

Figure 4.40 A Portion of Data Table 3 - Watercourses and Water Bodies.

*Areas subject to flooding can be determined from aerial photography only

if the acquisition date of the photography coincides with the overflow
period of the watercourse or water body. If these dates do not coincide,
collateral information must be studied to provide the necessary infor-
mation.
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Step 6. When available, refer to local hydrology
reports to obtain additional information on each flooded area.* Record
this information as shown in figure 4.40.

4.2.2.11 Point and Area Obstacles

Step 1. Carefully compare the working overlay with the
photo mosaic to determine if all point and area obstacles have been

included on the overlay.

Step 2. Where discrepancies between overlay and
mosaic exist, stereoscopically examine and identify the point or area
obstacle of interest.

Step 3. Indicate the obstacle's location on the over-
lay with a hand-drafted symbol. For appropriate symbology, refer to the
Coastal Hydrography section of DMAHTC TM S-1 or to appendix A2.

Step 4. Number each point and area obstacle consecu-
tively, starting in the upper left corner of the overlay. Progress to
the right and down the overlay in a normal reading manner (see figure
4.41).

o
sE1

Figure 4.41 Working Overlay with Point and Area Obstacles
Symbolized and Assigned ID Numbers.

*lata on historical floods in the U.S. have been published by the U.S.
Geological Survey in a series of publications called "Hydrologic Inves-
tigations Atlases." Thlese atlases shown areas flooded, stream gage data
and other data.
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Step 5. Record these ID numbers in Data Table 2 under
the heading "Obstacles". Describe and sketch each to the fullest extent
possible from the aerial photography (see figure 4.42).

HYDROGRAPHIC FEATURE OBSTACLES

10 LOCLIO L OCNA CLASS SEG NO NO DESCRIPTION/SKETCH

I ~ r b T. 5ho~ Area-1k 3 MK~S Awiasb

Note i Data taken trom Figure 4,41.

Figure 4.42 A Portion of Data Table 2 - Watercourses and Water Bodies.

4.2.2.12 Structures and Special Features/Areas

Step 1. For background information, review Hydrologic
Structures and Special Features/Areas, section 4.2.1.6 and 4.2.1.7
respectively.

Step 2. Review stereograms 1 through 10 supplied with

this guide as well as those portions of Engineer Intelligence Guide #32*
related to the photo-identification of hydrologic structures and special
features/areas.

Step 3. Carefully compare the working overlay with the
photo mosaic to determine if all hydrologic structures and special features/

areas have been included on the overlay.

Step 4. When discrepancies between the overlay and
mosaic are discovered, stereoscopically examine and identify the structure,
feature, or area of interest.

Step 5. Indicate the location of the structure, feature,
or area on the overlay with a hand-drafted symbol. For appropriate
symbology, refer to tables I and 2 as well as appendix A2.

Step 6. Number each hydrologic structure and special

feature/area consecutively, starting in the upper left corner of the over-

lay. Progress to the right and down the overlay in a normal reading manner

(see figure 4.43). If it is anticipated that the location of gaging
stations can be determined from scientific literature, such as U.S.

*US Army Engineer Intelligence Guide, "Stream Hydrology and Hydraulic

Structures," EIG 32.
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Geological Survey Water-Data Reports, defer performing steps 5 through 7
until the gaging station locations have been recorded on the overlay.

[~1 Spec 1 al halil

JI
II y D i q t ....... t ,

I D t

Figure 4.43 Working Overlay with Hydrologic Structures, Special Features,
and Areas Assigned ID Numbers.

Step 7. Record these I1 numbers in Data Table 3 under
the headin,- "Structures and Special Features". Be sure to record each
I number in the appropriate rot,, i.e. opposite the hvdrographic feature
with which the structure or special feature/area is associated (see

figure 4.44).

Step 8. Describe/sketch each structure or special
feature/area to the fullest extent possible from the aerial photography.

Supplement this with collateral information.

HYDRO, ,RAPHIC STRUCTURES&

FEAI URE SPECIAL FEATURES

.D LO(:A, SEG

NAMF C, ASS, LETTER DESCRIPTION SKETCH

a ,

. N te atatakn fom ,q e 4.4

b

3j I

Note Oata taken from F iqure 4.43

Figure 4.44 A Portion of Data Table 3 - Watercourses and Water Bodies.
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4.2.2.13 Factor Overlay and Data Table Completion Check

At this point in the analysis, information has
been extracted primarily from topographic maps and aerial photography.
Part of this information has been recorded ol the overlay and part in the
data tables.

Before proceeding with the literature analysis,
compare the degree of completion of the working overlay and data tables
with the information below. The degree of completion may vary somewhat
from that below, depending upon whether the preceding topographic map and
aerial photo analysis steps were followed in their entirety. Note those
requirements that require completion, and attempt to fulfill them through
literature analysis.

4.2.2.13.1 Completed Factor Overlay Requirements

1. Alinement of all watercourses.

2. Shore alinement of all water bodies.

3. Terminal points and identification of
watercourses with dry gap widths of 3 m or greater.

4. Terminal points and identification of
watercourse segments with dry gap widths of 3 in or greater.

5. Dry gap widths, by classes, of watercourses
with gap widths of 3 m or greater.

6. Bank heights and min/fax slopes above mean

water for watercourses with gap widths greater than 50 m.

7. lelincation of wet areas.

8. Structures and Special Features/Areas.

9. Point and Area Obstacles.

10. Areas subject to flooding.

11. Location of fords and ferries.

12. Location of watercourse cross sections.

4.2.2.13.2 Factor Overlav Requirements to be Completed

1. Average maximum depth during seasonal high-
and low-water periods.
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2. Navigation channels.

4.2.2.13.3 Completed Data Table Requirements

1. Classification of watercourses, water bodies,
and wet areas.

2. Dry gap widths

3. Bank heights and min/max slopes.

4. Description/sketch of point and area

obstacles.

5. Areas subject to flooding.

6. Description/sketch of hydrologic structures
and special features/areas.

7. Cross section sketches.

4.2.2.13.4 Data Table Requirements to be Completed

1. Seasonal depth, width, and velocity
information.

2. Right and left bank material.

3. Maximum discharge.

4. Bottom conditions.

5. Tidal influence.

6. Water quality information.

7. Ice conditions.

8. NavigaLion information.

4.2.3 Literature Analysis

4.2.3.] BackgrounO

The procedures to be followed when analyzing scientific
information cannot be easily standardized because the analysis steps can
vary greatly, depending upon the information source. In many cases, the
available water resource information will be fragmentary or will not be in
desired format for inclusion on the overlay or in the data tables. The
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analyst must rely upon previous experience to extrapolate the data to
reasonable limits or must reformat the data to satisfy the overlay and
data table requirements.

Often, information used to prepare factor overlays or
data tables will be taken from previously completed intelligence studies
such as the National Intelligence Survey (NIS) documents. In these cases,
the analyst will have no control over the type of data or its format.
Again, the analyst's experience and judgment must be used to fulfill the
overlay and data table requirements. In every situation, the analyst must
compile the best and most complete information available within given
time constraints and from this information, construct the best possible
vcrlav and completed data tables.

4.2.3.2 Analysis

Step 1. The first step of the literature analysis is
to assemble water resource information. To do this, locate a water
resource information expert for the country of interest. The experts may
be located in U.S. Government agencies such as the Defense Intelligence
Agency (DIA), the Central Intelligence Agency (CIA), the US Geological
Survey (USGS), or the Bureau of Reclamation. Next, review appendix B
and contact these sources, as necessary, for specific information. Then
analyze the information and extract data, as required, to complete the
overlay and data tables. For USGS Water Resources Data Reports, follow
these steps of a sample extraction method:

Step 2. Obtain the most recent USGS Water
Resources Data Report or similar document for the area of interest. When
available, also obtain water resource documents for those years immediately
preceding the most recent one.

Step 3. Generally, a map will be provided with the
document that shows the location of all gaging stations covered by the
report (see figure 4.45). Study this map and determine which stations
fall within the limits of the 1:50,000 scale topographic map.

Step 4. Locate within the body of the report the
streamflow gaging site(s) of interest. Use the streamflow data and

related information to fill information gaps in the data tables. The
following example is given to illustrate the type of information that can
be extracted from typical stream-gaging-station data.

Step 5. Determine the months of high- and low-water
conditions.

a. Use the location information, like that shown at
the top of figure 4.46, to locate the gaging station on the working overlay.
Remember that gaging stations are included under Special Features and must
be symbolized and numbered as such.
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GEOLOGICAL SURVEY
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Scale
EXPLANATION

* P.,:C-1 Active observation wells

A 4350 Streamf low gaging Station

V 4661 Water-quality sampling station

6040 Boths st reamfiow gaging and water quality
sampling Station

Port 2 Eastern Gulf of Mexico basin

Part 3 Ohio River basin

Part 7 Lower Mississippi River bosin

* Drainage divide

Figure 4.45 Location of Data Collection Stations.
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b. Determine the month(s) of high-water conditions by
examining the total months discharge record. For the example shown,
March has the highest total discharge value (373,620). Record the abbrev-
iation for the month of March in Data Table 1. Watercourse and Water
Bodies (see appendix A2, figure A4). Remember to record this information
opposite the watercourse segment that the gaging station is located on.
(More than one month may be recorded as the period of high-water conditions
only if additional annual discharge records are available that indicate
this to be true.)

Step 6. Examine the narrative portion of the stream
gage data and locate the maximum discharge for the period of record.
Record this value in cubic meters per second (cu m/s) in the appropriate
column of Data Table 1. If the discharge value is given in cubic feet
per second (cfs) convert this value to cu m/s by multiplying by a conver-
sion factor, for example, 61,500 cfs x 0.02831 = 1741 cu m/s.

Step 7. Determine the mean minimum and maximum water
depths during high- and low-water conditions.

a. Locate within the given data the mean discharge
values for the months of high- and low-water conditions. (For example
shown, the mean high- and low-water discharge values are 12,050 and 203
cfs, respectively.)

b. Use the procedure in Paragraph 21, Engineer Intel-

ligence Guide #32 entitled "Special techniques for estimating discharge,
depth, and velocity" to calculate minimum and maximum water depths for
both high- and low-water conditions.

c. Record these values in the appropriate columns of
Data Table 1. The calculated depth values should be used with caution and
whenever possible, should be checked for accuracy by comparing these

values with depth values recorded elsewhere in the literature.

Step 8. Record the location of all water-quality
sampling sites on the working overlay.

a. If provided, study the map showing the location of
water-quality sampling sites. Determine those sites that fall within
the limits of the 1:50,000 scale topographic map.

b. On the working overlay, symbolize each site as
described in appendix A2. Assign an ID number to each site. Start in
the upper left corner of the overlay and work across and down the overlay
in a normal reading manner.

Step 9. Transcribe the water-quality information to
Data Table 2. Watercourses and Water Bodies (see appendix A2, figure A5).
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a. Record the ID number for each site in Data Table
2 opposite the watercourse segment that the sampling site is located on.

b. Locate within the body of the report each site's
water-quality information (figure 4.47). Transcribe the water-quality
parameters* to Data Table 2.
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4.3 Drainage Basins

The following paragraphs provide the steps necessary to complete
the requirements for preparing the drainage basin overlay and supporting
data tables using: 4.3.1 Topographic Map Analysis, 4.3.2 Photo Analysis,
and 4.3.3 Literature Analysis. The procedures referred to under Topo-
graphic Map, Photo, and Literature Analyses are in section 4.5, "Supple-
mentary Procedures".

Normally, the majority of the information required to complete
the drainage basin factor overlay and data tables can be obtained by
topographic map analysis. However, exceptions can occur, such as when
flood control projects are initiated after the map publication date. In

this and similar situations, aerial photography acquired over all or
portions of the study area must be analyzed. in all cases, scientific
literature should be used to supplement the map and photo analysis.

4.3.1 Topographic Map Analysis

4.3.1.1 Delineate drainage basin boundaries

Step 1. Review the indexes to the data base and withdraw
source materials pertinent to hydrology, drainage, and water resources.
These materials should include 1:1,000,000, 1:250,000, and 1:50,000 scale
maps as well as aerial photography and special studies on the area of
interest. In addition, it will be useful to obtain each of the four
1:50,000 map sheets adjacent to the one being analyzed.

Step 2. Review the materials obtained in step 1 and
determine if they appear adequate to generate the factor overlay and data
tables. If they provide insufficient detail or area coverage, initiate
collection efforts to obtain additional information. Start the analysis
with the materials on hand.

Step 3. Use Procedure 1 (4.5.1) to register the over-
lay material to the 1:50,000 topographic map.

Step 4. Use Procedure 2 (4.5.2) to prepare the data
tables.

Step 5. Place the map and registered overlay material on
a light table, and trace the alinement of all watercourses and water body
shorelines*. Watercourses with gap widths of 50 m or less are symbolized

*Check to see if the watercourses and water bodies factor overlay has been

completed. If it has been completed, use it rather than the map sheet for
watercourse alinement.
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with a single solid line. Watercourses with gap widths greater than 50 m

and all water body shorelines are drawn to scale.

Step 6. Delineate the boundaries of each primary,
secondary, and tertiary drainage basin present on the map sheet.

a. The classification method used to identify
primary, secondary, and tertiary drainage basins is based upon the rela-
tive size of watercourses within the 1:50,000 map sheet, i.e. largest
watercourse(s) form primary drainage basins and smallest watercourses
form tertiary drainage basins. An important point to remember when
applying this method is that it is not as important whether a given water-
course is classified as primary, secondary, or tertiary, but rather that

a consistent system is used to identify each drainage basin on the overlay.

b. Study the watercourse drainage network and

note on the overlay which watercourses form primary, secondary and
tertiary drainage basins. Refer to figure 4.48 and to the following
information:

1. Primary watercourses can be identified by

various characteristics that although accurate in general, may not always
hold for a particular map sheet. In general, primary watercourses are the

largest watercourses on the map sheet, are the collection channels for
large portions of the sheet, and have the longest drainage channels on the
sheet.

2. Secondary watercourses can be identified

by the fact that they drain into primary watercourses.

o \ I 6 %1
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Figure 4.48 Drainage Network with Primary, Secondary, and

Tertiary Watercourses Identified.
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3. lertiar\' watercourses can be identified by
tihe fact, that they drain into seconda rv waite rcourses or other tertiary

wa t e rC ou r ses.

C . l'sc the note-, compiled in the preceding paragraphs,
a long with elevation information on the topo)graphic inap, to outline primary,
secondary, and tertiary drainage basins-.

Remember a drainage has in is that area of lie terrain
from1 which a watercoursv or ut twork Of wa tercoiirses receives-, )l t~i t ion.
The drainage divides or has in boundaries del inea ted on .. i'ap sik

the topographic locatLion whmere p reel pita Lion fall i n,., on one s id( )
div ide will flow to One Wate rcourse or network of watcr urs(.,I
ciiiLa Lion falling on the ot her side Of the dlivide will fl1 %. -c r
watercourse or network of watercourses. In figurc 4.,q, a ba in i
boundary line is placed between watercourses A and B~.

Drainage basin divide

CA__

4V

'k C..-N"
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Precipitation in the illustrated area will be divided
into two portions. Northwest of the boundary line, runoff from precip-
itation will flow into watercourse A, and precipitation falling southeast
of the line will enter watercourse B. Delineation of the entire drainage
basin for watercourse B is illustrated in figure 4.50. This was achieved
by studying the contour lines and then by marking the divide between
slopes that drain toward watercourse B from those that drain away fro'n

watvrcourse B.

Drainage basin divide (boundary)

-v

JZ:"

0/ /, ~

Figure 4.50 Drainage Basin Boundary for Watercourse B.

1. Begin your analysis at the watercourse.
locate the nearest contour line of highest local elevation that basically
parallels the alinement of the watercourse (see following example).
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Watercourse alinement

In the example below, the rid,!e line (drainage divide) can
bt, estimated to lie halfway between the 40 foot contour line-, as shown
below.

---- Riage lne icrainage divdeI

Remember that contur lines bend in the upstream direction when
thev cross watercourse channels or gullies.

Contour' bern ijosirearr

~[ Ups rear'

Use th is informa tion to def ine the I ocat ion of ridge l ines
(drainage divides) in areas of complicated topography.
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2. Study the remaining basin topography as
depicted by the contour lines and estimate the location of basin boundaries.

3. Extend your drainage divide analysis to
adjacent basins. Upon completion of the analysis, all primary, secondary,
and tertiary drainage basins shown on the map should be outlined.

4. If continuous lines were initially used for
basin boundaries, replace these lines with the appropriate boundary line
symbolization (see appendix A3).

4.3.1.2 Assign identification nomenclature to each outlined
drainage basin

Step 1. Assign a single letter identifier, e.g. A, B,
C, sequentially to each primary drainage basin on the overlay. Start

this identification process in the upper left corner of the overlay and
proceed across and down in a normal reading manner.

Step 2. Assign each secondary drainage basin a double
letter identifier, e.g. AA, AB, AC. Refer to figure 4.51 and r.a.' the way
in which these identifiers were assigned. Also consult adjacent 1:50,000
topographic map sheets to aid in assigning identifiers to watercourses
that run off the map sheet. The analyst's approach to assigning basin
identifiers may differ somewhat from that shown in figure 4.51. "he
important point to remember is that the identifiers should be assigned

consistently throughout the map sheet.

Step 3. Assign an alphanumeric identifier, e.g. AB1,
AB2, AB3, to each tertiary drainage basin on the overlay. Note that each
tertiary basin identifier contains a primary basin letter, A; a secondary
basin letter, B; and a tertiary basin number, e.g., 1, 2, 3. Again
refer to figure 4.51 which shows how to assign basin identifiers.

Step 4. Record the basin identifiers in column 1 of the
appropriate data table.

4.3.1.3 Complete the data requirements for Data Table 4. Primary
Drainage Basins*

Step I. For each primary basin outl ined on the topo--
graphic map, locate the name of the watercourse that forms the basin.
Record this name in column 2.

Step 2. Use the topographic map to determine tiie major
political units, c . ,. borough, township, county, that have jurisdiction
in the basin. Record these units in column 3.

*See appendix A3, figure A8. Format for Drainage Basin Data Tables.
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Step 3. De termine~ t het area of ea;ch p rirlairv basi n.
There are seve ralI types of equ ipmentC thatI c;In b' u1Sed to de term inu surface,
aIrea Such as electronic p~ln eter-s, polar pl animeters , and airea grids.

Tearea grid method requi res the least Sophist icated equipment aInd is,
outlined below. When a planirneter is available, fol low instruct ions
provided with thle instrument.

a. SCure the2 area grid**~ over thet. drainage
basin with tape. (The accuracy of thmis miethod can he maximized by UsiMn,
thle finest mesh grid that is compit ihle with the area of the basin.)

b . Count tile number of full squares that fall
within the boundaries of tIL- basin (see the example in figure 4.52). In
the example, thle number of full11 sq uare s is 30.

Aea grcc

x X X X

X X K \

xX X
XXI .-x

X QcI4 x

-X IX\

Figure 4.52 Placemient of Grid for Calculation of Basin Area.

"This procedure can also he appliled to secondarv aind tert iarlv drainage,
ina, i ns .

- Tii r id( may be construe tcl from a stahl e baise trans parent material
on wic I c hele cke rboa rd pattern oif squares of eq1ual 1size. is drawn.
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c stimate the proportion of each partial
square that falls inside tile basin's boundary line, e.g. 3/10, 1/2. Add
these partial squares together. In the example the number of boundary
squares is 14.4.

d. Add together the number of ful I and partial
squares. The total number of squares in basin is 30 + 14.4 = 40.4.

e. Determine the number of square inches that
the total in step d represents. Divide the total number of squares by
the number of grid squares/per square inch. In the example, 14 grid
squares equals 1 square inch.

Total no. of squares 40.4 = 2.53 in.
No. of grid squares/sq. in. 16

f. D)etermine the ground area (hectares) that
the map area determined in step e represents:

I sq. in. (map area) = 161.3 hectares (ground area for
1:50,000 scale map)

Basin Ground Area = 2.53 x 161.3 hectares

= 408.09 hectares
g. Round off the ground area

value to the nearest tenth hectare and record it in column 4.

Step 4. Use the following steps to determine primary
drainage channel length.*

a. To facilitate measurement, mark off

portions of the watercourse that are approximately straight. Straight
portions of the watercourse shown in figure 4.53 correspond to segments
labeled A through F.

b. Beginning with the furthest upstream
segment, mark off the length on a scrap piece of paper. Methndically
idvance the paper downstream. With each advance, add the adjacent
straight line segment distance to that previously recorded on the paper.
After progressing the full length of the watercourse, the total channel
length should be recorded on the paper.

Tc. o determine the actual length of the

channel, compare the channel length, as recorded on the paper, with the

*This procedure can also be applied to secondary and tertiary watercourses.
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Figure 4.53 Watercourse with Straight Segments Delineated.

meter scale at the bottom of the map sheet (see figure 4.54). For the
example shown, the channel length is approximately 4,450 meters.

Scale 1 50 000

Meter scale

1000 50j, 0 1000 2000 / 3000 4000 Meters

i HH f 'lI I ' ' I

- Mapmeasured cnafnel lengrt -

Figure 4.54 Comparison of the Map-Measured Channel Length and Meter Scale.

d. Convert the channel length in meters to
o ]rmeters:

1.000 m = 1 km

4,450 m X . km 4... fddkm- 4.45 km:'1 1000 m

e. Round off the channel length value to the
ncare,;t te.nth km and record it in column 5 of Data Table 4.
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Step 5. letermine the type and location of hydrologic
structures.*

a. Review Table 2. Overlay Representations of
Miscellaneous Features. This table contains the map symbols for many types
of hydrologic structures, which if present on the map sheet, should be
included in the data table.

b. Study each primary drainage basin and deter-

mine the type of each hydrologic structure present in the basin. Record
the type, e.g. dam, levee, lock, in column 6.

c. Use Procedure 4 (4.5.4) to determine the
UTM coordinates of each structure. Record the coordinates in column 7.

Step 6. Determine tile number of secondary and tertiary
basins in each primary basin. Record the number of secondary basins in
column 8 and the number of tertiary basi,is in column 9.

4.3.1.4 Complete the data requirements for Data Table 5. Sec-
ondary Drainage Basins.**

Step 1. For each secondary basin outlined on the topo-
graphic map, locate the name of the watercourse that forms the basin.
Record this name in column 2. If no name is given, write "unnamed" in the
column.

Step 2. Determine the area of each secondary basin.

a. Use step 3 located in paragraph 4.3.1.3 to
determine the area of each secondary basin.

b. Record the basin area value to the nearest
tenth hectare in column 3.

Step 3. Determine the channel length of each secondary
watercourse.

a. Before measuring the channel length of each
secondary watercourse, the analyst must extend the upstream portion of
each channel to its respective basin boundary line. To do this, study the
contour lines within each basin and thereby letermine the most probable
watercourse alinement to the boundary line.

*Check to see if the watercourses and water bodies overlay has been
completed. If it has, use it to locate the hydrologic structures.

**See appendix A3, figure A8. Format for Drainage Basin Tables.
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b. Use step 4 located in paragraph 4.3.1.3
to measure the channel length. This is the distance measured from tle
point where the secondary watercourse enters the primary watercourse to
the point where the extended watercourse intersects the basin boundary
line (see figure 4.55). If the entire watercourse is not shown on the
map, measure the distance from the point where the watercourse enters the
primary watercourse to the point where it crosses the map neatline.

c. Round off the calculated value to the

nearest tenth km and record it in column 4 of Data Table 5.

Step 4. Determine the type and location of hydrologic
structures not recorded previously in Data Table 4.*

A B Basin Boundary

A Basin BoundaryamBoundary

*C C

Figure 4.55 Oblique and Plan Views of Same Area with AB Distance the Watercourse
was extended; AC = Length of Watercourse Channel.

*This procedure should be followed only if the secondary basin of interest

is not part of one of the primary basins outlined on the map sheet.
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a. Review Table 2. Overlay Representations of
Miscellaneous Features. This table contains the map symbols for many
types of hydrologic structures, which if present on the map sheet, should
be included in the data table.

b. Study each secondary basin and determine
the type of each hydrologic structure present in the basin. Record the
type, e.g. dam, levee, lock, in column 5.

c. Use Procedure 4 (4.5.4) to determine the
Ul"'M coordinates of each structure. Record the coordinates in column 6.

4.3.1.5 Complete the data requirements for Data Table 6. Ter-
tiarv Drainage Basins.*

Step 1. For each tertiary basin outlined on the topo-
graphic map, locate the name of the watercourse that forms the basin.
Record this name in column 2. If more than one watercourse is present in
the basin, record the name of the one that drains the largest portion of
the basin. If no name is given, write "unnamed" in the column.

Step 2. Determine the area of each tertiary basin.

a. Use step 3 located in paragraph 4.3.1.3
to determine the area of each teritary basin.

b. Record the calculated basin area to the
nearest tenth hectare in column 3.

Step 3. Determine the channel length of the main water-
course in each tertiary drainage basin.

a. Identify the watercourse in each basin that
drains the largest portion of the basin. This is the main watercourse and
the one whose channel length should be measured.

b. As required, extend the upstream portion of
each main waterrourse to its respective basin boundary line. To do this,
study the contour lines within each basin and thereby determine the most
probable watercourse alignment to the boundary line.

c. Use step 4 located in paragraph 4.3.1.3 to
measure t-ie channel length. Thiis is the distance measured from the point
where the extended watercourse intersects the basin boundary line. If the
entire watercourse is not shown on the map, measure the distance from the
point where the watercourse enters the secondary watercourse to the point
where it crosses the map neatline.

*See appendix A3, figure A8. Format for Drainage Basin Data Tables.
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Step 4. Determine the type and location of hydrologic
structures not recorded previously in Data Tables 4 or 5.*

a. Review Table 2. Overlay Representations of
Miscellaneous Features. This table contains the map symbols for many
types of hydrologic structures which, if present on the map sheet, should
be included in the data table.

b. Study each tertiary basin and determine

the type of each hydrologic structure present in the basin. Record the
type, e.g. dam, lock, levee, in column 5. If there are no hydrologic
structures in the basin, write "none" in the column.

c. Use Procedure 4 (4.5.4) to determine the
UTM coordinates. Record the coordinates in column 6.

4.3.2 Photo Analysis

4.3.2.1 Delineate drainage basin boundaries

Step 1. Use Procedure 3 (4.5.3) to prepare a photo
mosaic from alternate photos in each flight line. If photo coverage is
incomplete, initiate action to obtain additional photography.

Step 2. Enclose the study area on the photos with a
rectangle of appropriate dimensions.

Step 3. Stereoscopically study each photo within the
boundaries of the area enclosed above. Trace the alinement of all water-

courses and water body shorelines within this area onto the overlay.**
Include in this drainage network watercourses and aullies that carry water
only during wet periods. For additional information on this procedure,
refer to steps 2 and 3 of the watercourse and water body photo analysis
section (4.2.2.1).

Step 4. Carefully check the drainage network to ensure
that the alinement of all watercourses and water body shorelines visible
on the photos are recorded on the overlay.

Step 5. Study the drainage network now depicted on the
overlay. Outline each basin and then determine the overall hierarchy, i.e.
primary, secondary, tertiary, of basins within the network. The basin
classification concept used in this guide is outlined in step 6 of the

map analysis section (4.3.1.1). Study this classification procedure and

*This procedure should be followed only if the tertiary basin of interest

is not part of one of the secondary basins outlined on the map sheet.

**Check to see if the watercourses and water bodies factor overlay has

been completed. If it has been completed, use it for watercourse alinement.
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apply appropriate portions to analysis of the photo mosaic. Refer to
figure 4.56, which is provided as an example of the basin delineation
process. Note that given a detailed representation of the drainage net,
such as that shown in figure 4.56, the basin delineation process is
greatly simplified.

4.3.2.2 Assign identification nomenclature to each outlined
basin. To accomplish this, refer to steps 1 through 4 of the map analysis
section (4.3.1.2).

4.3.2.3 Complete the data requirements for Data Table 4. Pri-
mary Drainage Basins.

Step 1. For each primary basin outlined on the overlay,
determine from alternate sources the name of the watercourse that forms
the basin. Record this name in column 2.

Step 2. Use a topographic map to determine the major
political units, e.g. borough, township, county, that have jurisdiction
in the basin. Record these units in column 3.

Step 3. Use Procedure 5 (4.5.5) to determine the
representative fraction (RF) of the photography.

Step 4. Determine the area of each primary basin.*

a. Follow the procedure outlined in step 3 of
the map analysis section (4.3.1.3) to determine the number of square
inches enclosed by the basin boundary.

b. Calculate the number of hectares per square
inch at the scale of the photography:

Constant conversion expressions: 0.0254 m = 1 inch

10,000 m 2 
= 1 hectare

Example: RF of photography = 1:10,000

Calculate no. of meters per inch @ photo scale

>1 1 in. = 0.254 m x denominator of photo RF

= .0254 m x 10,000

= 254 m

*This procedure can also be applied to secondary and tertiary drainage

basins.
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Aerial Photo

Drainage Network

Figure 4.56 Aerial Photo and Drainage Network of Same Area
with Several Drainage Basins Outlined.
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Calculate no. of hectares per square inch @ photo scale

(1 in)
2 = (254 m)

2 x i0,000 m

10-,00 -O- -
i~ hectare

= 64516 m
2 x 1 etr

10,000 m2

- 6.5 hectares

c. Determine the ground area (hectares) that
the photo area determined above represents.

Example: Basin area = 3.4 sq. in.

1 sq. in. (photo area) = 6.5 hectares (ground area)

basin ground 3.4 in2  6.5 hectares
in

2

= 22.1 hectares

d. Round off the ground area value to the
nearest tenth hectare and record it in column 4.

Step 5. Determine primary drainage channel length.*

a. If not already known, use Procedure 5 (4.5.5)
to determine the representative fraction (RF) of the photography.

b. To facilitate measurement, mark off portions
of the watercourse that are approximately straight (see figure 4.53).

c. Beginning with the furthest upstream segment,
mark off its length of a separate piece of paper. Methodically advance the
paper downstream. With each advance, add the adjacent straight line
segment distance to that previously recorded on the paper. Progress the
full length of the waterunurse when its total channel length should be
recorded on the paper.

d. Measure the channel length as recorded on
the piece of paper.

e. Determine the actual length of the channel
by multiplying the channel length measurement obtained above by the denom-

inator of the photo's representative fraction:

*This procedure can also be applied to secondary and tertiary watercourses.
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Example: Photo measured channel length = 25.2 cm

RF of photography = 1:10,000

Actual channel length = 25.2 cm x 10,000

= 252,000 cm

= 252 km

f. Round off the channel length value to the
nearest tenth kilometer and record it in column 5.

Step 6. Determine the type and location of hydrologic
structures.*

a. For background information, review stereo-
grams I through 10 (appendix D) supplied with this guide as well as those
portions of the Engineer Intelligence Guide #32 related to the photo-
identification of hydrologic structures. Also review step 5 of the map
analysis section (4.3.1.3).

b. Stereoscopically study each primary

drainage basin and determine the type of each hydrologic structure
present in the basin. Record the type, e.g. dam, levee, lock, in column 6.

c. Use Procedure 4 (4.5.4) to determine the
UT>I! coordinates of each structure. Record the coordinates in column 7.

Step 7. Determine the number of secondary and tertiary
basins in each primary basin. Record the number of secondary basins in
coluimi 8 and the number of tertiary basins in column 9.

5.3.2.4 Complete the data requirements for Data Table 5. Secon-
darv Drainage Basins

Step 1. For each secondary basin outlined on the overlay,
determine from alternate sources the name of the watercourse that forms
the basin. Record this name in column 2. If no name is given, write
"unnamed" in the column.

Step 2. Determine the area of each secondary basin.

a. Use the procedure outlined in step 4 of
section 4.3.2.3 to determine the area of each secondary basin.

b. Record basin area value to the nearest
tenth hectare in column 3.
*Check to see if the watercourses and water bodies overlay has been com-
pleted. If it has, use it to locate the hydrologic structures.
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Step 3. Determine the channel length of each secondary
watercourse.

a. Before measuring the channel length of each
secondary watercourse the analyst must extend the upstream portion of each
channel to its respective basin boundary line. To do this, stereoscopically
study the topography within each basin and thereby determine the most
probable watercourse alinement to the boundary line.

b. Use the procedure outlined in step 5 of
j section 4.3.2.3 to measure the channel length. This is the distance

measured from the point where the secondary watercourse enters the primary
watercourse to the point where the extended watercourse intersects the
basin boundary line. If the entire watercourse is not included in the
study area, measure the distance from the point where the watercourse enters
the primary watercourse to the point where it crosses the study area
boundary line.

c. Round off the cnannel length value to the
nearest tenth km and record it in column 4 of Data Table 5.

Step 4. Determine the type and location of hydrologic
structures not recorded previously in Data Table 4.*

a. For background information, review stereo-
grams 1 through 10 (appendix D) supplied with this guide as well as those
portions of the Engineer Intelligence Guide #32 related to the photo-
identification of hydrologic structures.

b. Stereoscopically study each secondary
drainage basin and determine the type of each hydrologic structure present
in the basin. Record the type, e.g. dam, levee, lock, in column 5.

c. Use Procedure 4 (4.5.4) to determine the
UTM coordinates of each structure. Record the coordinates in column 6.

4.3.2.5 Complete the data requirements for Data Table 6. Terti-
ary Drainage Basins.

Step 1. For each tertiary basin outlined on the overlay,
determine from alternate sources the name of the watercourse that forms
the basin. Record this name in column 2. If more than one watercourse is

present in the basin, record the name of the one that drains the largest
portion of the basin. If no name is given, write "unnamed" in the column.

**This procedure should be followed only if the secondary basin of
interest is not part of one of the primary basins outlined on the overlay.
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Step 2. Determine the area of each tertiary basin.

a. Use the procedure outlined in ste.p 4 of
section 4.3.2.3 to determine the area of each tertiary basin.

b. Record the basin area value to the nearest

tenth hectare in column 3.

Step 3. Determine the channel length of the main
watercourse in each tertiary drainage basin.

a. Identify the watercourse in each basin
that drains the largest portion of the basin. This is the main water-
course and the one whose channel length should be measured.

b. As required, extend the upstream portion of
each main watercourse to its respective basin boundary line. To do this,
stereoscopically study the topography within each basin and thereby
determine the most probable watercourse alinement to the boundary line.

c. Use the procedure outlined in step 5 of
section 4.3.2.3 to measure the channel length. This is the distance
measured from the point where the tertiary watercourse enters the secon-

dary watercourse to the point where the extended watercourse intersects
the basin boundary line. If the entire watercourse is not included in the
study area, measure the distance from the point where the watercourse
enters the secondary watercourse to the point where it crosses the study
area boundary line.

d. Round off the channel length value to the

nearest tenth km and record it in column 4 of Data Table 6.

Step 4. Determine the type and location of hydrologic
structures not recorded previously in Data Tables 4 or 5.*

a. For background information, review
stereograms 1 through 10 (appendix D) supplied with the guide as well
as those portions of the Engineer Intelligence Guide #32 related to the
photo identification of hydrologic structures.

b. Stereoscopically study each tertiary

drainage basin and determine the type of each hydrologic structure
present in the basin. Record the type, e.g. dam, levee, lock, in column

5.

c. Use Procedure 4 (4.5.4) to deterrfne the
UTM coordinates of each structure. Record the coordinates in column 6.

*This procedure should be followed only if the tertiary basin of interest

is not part of one of the secondary basins outlined on the overlay.
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Step 5. Use Procedure 8 (4.5.8) to adjust the scale of
the completed overlay to the scale of the 1:50,000 topgraphic map.

4.3.3 Literature Analysis

Because of the difficulty in determining the specific type
of literature available for each analysis problem, it is impossible to
provide detailed instructions for the use of scientific literature. When
information gaps are encountered during the analysis, the analyst is
encouraged to use appendix Bl, which provides a number of suggested
sources for water resources information.

4.4 (;round Water

The following paragraphs provide the steps necessary to complete
the requirements for preparing the gound water overlay and supportin,,
data tables using: 4.4.1 Topographic Map Analysis, 4.4.2 Photo Analysis,
and 4.4.3 Literature Ai:.ysis. The procedures referred to under Topo-
graphic Map, Photo, and Literature Analyses are in section 4.5, "Supple-
imien tarv Procedures".

4.4.1 Topographic Map Analysis

4.4.1.1 Use the following steps to record the location of wells
and springs.

Step 1. Use Procedure 1 (4.5.1) to register the overlay
material to the 1:50,000 topographic man.

Step 2. Use Procedure 2 (4.5.2) to prepare the data
tables.

3. Starting in the upper left corner of the map
sheet and working across and down, systematically identify and then
symbolize all wells and springs on the overlay material.

Step 4. As necessary, refer to appendix A4 and Table 1.
Overlay , epresentations of U.S. Inland Hydrography Symbols for symboli-
zation instructions. Note that features shown as wells on 1:50,000
topographic maips include waterholes, walled-in springs, geysers, artesian
wells, and fountains. Symbolize these features as wells on the overlay
(sec figure 4.57).

4.4.1.2 Use the following steps to assign an ID number to each
well and spring recorded on the overlay.

, Step 1. Number each well and spring consecutively,
starting in the upper left corner of the overlay. Progress to the right
and down in a normal reading manner.
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420 421 422 4 23 424

Topographic Map

2____ 6L. 24

Factor Overlay

Figure 4.57 Topographic Map and Factor Overlay of Same Area
with Springs Symbolized.

Step 2. Record these ID numbers in column 1 of Data
'Fable 7.* Also record the type of feature, e.g. spring, geyser, water-
hole, in column 2. If seasonality of the feature is given, i.e. inter-
mittent or perennial, record this information in column 16.

Step 3. For each feature symbolized on the overlay,
locate the name and record this name in column 3. If no name is

j Jgiven, write "unnamed" in the column.

Step 4. Use Procedure 4 (4.5.4) to determine the UTN
coordinates of each well and spring symbolized on the overlay. Record
these UTM coordinates in column 4 of Data Table 7.

*See appendix A4, figure All, Format for Ground Water Data Tables.
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4.4.2 Photo Analysis

Aerial panchromatic photography, as well as other remote
sensor data, cannot provide direct measurement of the ground water infor-
mation needed to fulfill data table requirements. Ground water data that
can be derived from aerial photography is primarily inferential and
qualitative rather than quantitative (see Table 3 on the following page).
Because of this, applying photo analysis to the factor overlay and data
table production process is limited to preliminary, simple observations,
such as identification of man-made features associated with ground water.
These observations must be supported by quantitative information from
other sources.

Step 1. Use Procedure 3 (4.5.3) to prepare a photo mosaic
from alternate photos in each flightline.

Step 2. Study each photo stereoscopically and determine
the location of man-made features associated with ground water. These
features include canals and pump facilities for wells and improved springs.
Also note the location of lush vegetative growth not in character with
the adjacent vegetation. This anomalous vegetation growth may indicate
the presence of aground water discharge point, i.e. a spring.

Step 3. Compare the photo-derived overlay with the map-
derived overlay, and note locations on the latter overlay where addi-
tional ground water information has been derived from the photos. Attempt
to obtain quantitative information on these locations from other data
sources.

4.4.3 Literature Analysis

4.4.3.1 Document Acquisition

Step 1. The literature analysis portion of the ground
water study is perhaps the most important part of the entire study and
the source of the greatest amount of ground water data. The initial
step involves making a thorough literiture search. The data may be
located in the data base files or in one of the sources listed in
appendix Bl. Whatever the source, the analyst must attempt to obtain
documents similar to the following:

a. Geological documents: maps, publications,
articles in journals, documents existing in geological survey offices
and in other departments and private firms;

b. Hydrological documents: publications;
documents available from the above mentioned sources and from hydro-
geological departments, including hvdrogeological surveys (even hrief
ones) to locate water bearing areas, their estimated potential, and

147/



~E

C

o

. _ 0 . 0

o .-.. . --

v E ti -i Z

•.a,

. . .. . . . ... . . .... . . . . . ., . .. .: . .... 2fr t . ..,.r -- ., d .

~~~~ Z Ei~o

o r E J

'0 -. ;o 2. r b 8

~ ~ 0

0~ m~

CL
CL

a: c

CC



depth of water; and documents on wells and springs, including infor-

mation on location, yield, and water quality.

Step 2. Search through the literature obtained in
step 1 and attempt to fill information gaps in the data tables. Attempt
to locate quantitative information to support the observations made
during the photo analysis. If information is found on the location of
additional wells and springs, add these to the overlay. Read through
the following sample extraction methods given below for highway boring
logs and USGS Water Resources Data Reports.

4.4.3.2 Boring Log Analysis

Step 1. Obtain highway boring logs from local highway
departments, engineering firms, or similar organizations and do the
following:

a. Use the location information such as that
shown in the sample boring log (figure 4.58) to plot the location of the
boring on the factor overlay. Symbolize the boring as described in
appendix A4.

b. Assign an ID number to each boring site.

Start in the upper left corner of the overlay and work across and down
in a normal reading manner. (This step may be performed later in the
analysis sequence if it is anticipated that additional depth to water
table information will be added to the overlay). Record the ID number

in column 1 of Data Table 7.

Step 2. Use Procedure 4 (4.5.4) to determine the UTM
coordinates of each boring. Record these coordinates (+ 10 m) in

column 4 of Data Table 7.

Step 3. Record the depth to water table information
in column 10 of Data Table 7. Indicate in the remarks column (column
18) that this information was obtained from a highway boring log.

4.4.3.3 Water Resource Data Analysis

Step 1. Obtain the most recent U.S. Geological Survey
Water Resources Data Report or similar document for the area of interest.

When available, also obtain water resource documents for those years
immediately preceding the most recent one.

a. Generally, a map will be provided withF the document that shows the location of observation wells covered bv the

report (see figure 4.45). Study this map and determine which wells fall
within the limits of the 1:50,000 topographic map.
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Site No 2 Dale -OCloe- 1,1 197~

Boring No G ___________________

Location 900 from Culverl t() 11 flon cl ObrI'Cre uPe-ys.-

Elevation (Top of Boring, Drilling Fo,ena

EPEA ISTRUCTIO(

GRUNLAERO S IIATION CASIMAKSN G EPH N OT

TgiME OF gn~ OBEVT Oal -i - iN 1,- -1n - .

quality ~ 2 data, anrla es .o wlinomntcompl te h -t als

extracte fro tyIal obs.Inevto welldata

Step&n 2. -~trmn the 9-1, Tcodntso ahosr
vatio well.sao ro

a.Omo SWe the 15H digit 0dntfiatonnube

like that in figrei4. re to5deter in the latitdan.ogiueo h

obwel. io Thefis six igtrst indcae the latiudwaer inlegeesat, minte
~qadt seods.a The reighthd thrlug thiorteent digitst idcte Dthe Talongtud

n in eges molo inu teps, andustaens Potp the lnocation ofthet well onth

overlay." .ymolie the wel asdecibd i apedxiicto A4.mbeI

b. Use Procedure 4 (4.5.4) to determine the

VTM coordinates of the well. Record these coordinates in column 2 of

*Set apedxAfigure Mll, Format for (;round Water D)ata Tables.
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3b17380821 2901). Lo-l .,-ber It: H-1. ( ap Creek Communlty. Near Llizabethtn. Dos nused water-table well In Honaker Do1-

omite of Middle iambtiaO age, diam 24 In (61 cm), depth 31 it (9 re), .at tI M -vrm . n- availab ., L. 1 ,2(0 It ($55 .) mbov.
ml. MY top of oucrete tile. 2.50 It (0.76 m) above led. Highest water level 2.25 It (0.69 "') below led, Mar. 16, 1973; l.e t
26.01 It (7.9 mv bel td Dec. 22. 23. 1970. Record. available: 1964-75.

Lowe.L water level for the day, from water-stage reorder, October 1971 to September 1974

Day Ot1. N00. N- D . Jan. Feb. Mar. Apr. May Joe July Aug. Sep.

5 15.06 15.68 14.82 3.57 4.02 9.06 3.79 9.90 7.79 11.31 12.25 11.71

10 14.99 15.07 13.99 3.37 .32 6.72 4.26 9.43 10.15 7.47 13.37 6.86

15 15.07 15.95 14.56 3.66 S.83 6.84 4.49 8. 33 11.54 11.0, 13.87 10.28
20 15. 77 15. 7 1.52 6.62 5.40 5.64 6.01 8.54 12.44 1,00 10.45 1 2.62

25 15.84 15.04 11.61 8.53 5.79 4.26 (.36 ?.97 11.44 13.94 14.07 13.59

EIM 15.21 9.50 10.21 6.97 7.04 4.74 9.00 6.28 7.42 12.72 13.66 14.11

Figure 4.59 Observation Well Data.

Step 3. Assign an 11) number to each observation well.
Start in the upper left corner of the overlay and work across and down
in a normal reading manner. Record the ID number in column 1 of Data
Table 8.

Step 4. Use the narrative information like that at
the top of figure 4.59 to determine diameter of the well (cm), well

depth (m), highest and lowest water levels with respective dates of
occurrence, the land surface datum (LSD) above mean sea level (m), and
top of the well above LSD (m). Record this information in the appropri-

ate columns of Data Table 8.

Step 5. Determine the mean water level for the well.

a. Calculate the mean of all water level
measurements available for that well (for the data given, the mean is
10.2 ft or 3.1 m).

b. Record the mean water level to the

nearest tenth of a meter in column 9, Data Table 8.

Step 6. Determine the UTM coordinates of observation
wells used as water quality sampling sites. Use the procedure outlined
in step 2. Refer to top of figure 4.60 for sample data.

Step 7. Symbolize each sample site on the overlay as
described in appendix A4. Assign an ID number to each site. If necessary,

adjust previously assigned well and spring ID numbers to accomodate the
water sample site numbers. Record the ID numbers in column 1 of Data

Table 7.

Step 8. Locate within the body of the report, each
well's water quality information (figure 4.60). Transcribe the water
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Figure 4.60 Ground Water Quality Data.

quality parameters and related site information to the appropriate
columns of Data Table 7.

II 4.4.3.4 Contour Map Construction

Step 1. When sufficient ground water depths are known,
I. construct a ground water elevation contour map on the overlay. * Remem-

ber, the contour map is constructed from mean depth to water table data.
Seasonal influences will cause the actual level of the well to fluctuate

both above and below this mean level.

*[f data is inadequate for construction of a contour map, proceed to

step 2.
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a. Determine the elevation of each data

point above mean sea level (MSL). Record these values on the overlay.

Solve for the value of x shown in figure
4.61. Subtract the height of the top of the well above land surface

datum (ISD) from the mean depth to water table.

x = depth to water table - height of top of
well above LSD

= 6.3 m - 0.3 m

= 6.0 m

Subtract the value of x from the LSI) value

to determine the water table elevation above MSL.

Flevation above MSI. = LSD - x

= 217 m - 6 m

= 211 m

Use this value and others calculated sim--

ilarly to construct the contour map.

Isd m

(217m)

6 3m

Water table

Figure 4.61 Well Profile.
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b. Determine the appropriate contour interval

(CI) for the map. Note the upper and lower limits of the water table
depth data, e.g. 55 m (upper limit) to 101 m (lower limit). Choose a

contour interval that will produce a reasonable number of contour lines
(see figure 4.62).

c. Connect areas of terrain of equal water

table elevation as shown in figure 4.62. (When interpolating between
known water table elevation values, assume that a constant gradient
exists between these known vaiues.)

Is Boss

(A10
55

100

q5
87

-40 ( O S
4o V 70 15o8D 8 qo

Figure 4.62 Ground Water Contour Map.

Step 2. Check to see that details of the completed
overlay comply with one of the two overlay formats described in appendix

A4. Also, check to see if any information was mis-recorded or left out
of the Data Tables.
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4.5 Supplementary Procedures

4.5.1 Procedure 1 - Registering Overlay Material to the
1;50,000 Topographic Map

Equipment and Materials
Prismacolor pencils
Masking Tape

Straight Edge
L.ight Table
Frosted Mylar (K&E Herculene drafting film - 0.5 mm

polyester base single matte or equivalent)
Non-Abrasive Eraser
Scissors
1:50,000 Topographic Map of Area of Interest

Step 1. On a light table or equivalent working surface,

lay out the materials to be used in preparation of the overlay.

Step 2. Fasten each corner of the 1:50,000 topographic
map to the working surface.

Step 3. Cut a piece of frosted mylar to a size slightly
larger than the 1:50,000 topographic map.

Step 4. Fasten each corner of the overlay material over
the 1:50,000 topographic map.

Step 5. Locate each map corner on the overlay with a
registration tick.

Note: It may be helpful at later stages in the analysis
if the map sheet neatlines and 10,000 meter grid lines are traced lightly
in blue pencil on the overlay.

Step 6. Add the sheet name, number, and other marginal
information as required in the appendixes.

4.5.2 Procedure 2 - Preparing Data Tables

Step 1. Obtain data table construction material. To
facilitate diazo reproduction, construct the data tables from material
similar to the overlay material, e.g. mylar. However, the material does

I not have to be a stable base as is required for the overlay.

Step 2. Prepare blank work sheets for the data field of
interest, i.e. drainage hasins, watercourses and water bodies, or ground
water.

Step 3. Refer to the appropriate appendix for information
concerning the specific format of each data table.
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4.5.3 Procedure 3 - Preparing Aerial Photo Mosaics

All aerial photo mosaics should be constructed on a 4-by
8-foot, soft fiber board similar to such commercial products as "Homosote"
or "Celotex". These materials will hold staples and can be used again as
the areas are changed. During analysis this board can be placed on a
layout table or on a pair of sawhorses supported by a sheet of plywood
or planks.

Step 1. Separate the photos of each strip (flight line)
into two stacks by pulling out alternate prints; photos 1, 3, 5, 7, form
one group and photos 2, 4, 6, 8, form the second group. One group of
photographs forms the mosaic, the other is used later in the analysis
when stereo viewing is required.

Step 2. Sequentially lay out and overlap (approximately
10 percent) alternate photoaranhs of the flight line that most closely
bisects the center of the area of interest (either group of photogranhs
may be used).

Step 3. Mosaic these photographs together, maintaining
as closely as possible the geometric integrity of visible landscape
features, i.e. aline streams, roads, ridge lines, etc. (do not fasten the
photographs with staples at this time.)

Step 4. After mosaicking the central flight line, con-
tinue with the flight line on either side of the central one, and again
lay out every other photograph. It may be necessary to re-aline pre-
viously mosaicked photographs to best aline linear features.

Step 5. Repeat the above procedure for each flight line.
Continually readjust photographs to attain best fit.

Step 6. When each flight line is mosaicked to \our
satisfaction, staple photograph corners to maintain alinement (see
figure 4.63).

Step 7. Cut a piece of clear acetate or mylar of
sufficient size to cover the mosaicked photography.
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4. 5.4 Procedure 4 - Determining UTM Coordinates

The U.S. Army, as well as NATO forces, use the Military
(;rid Reference Systems (MCRS) rather than latitude and longitude for
identifying points on maps produced by the Defense Mapping Agency (DMA).
This system employes the Universal Transverse Mercator (UTI) grid between
30o south and 840 north latitude. In the polar regions, north of 840
north latitude, and south of 800 south latitude, the Universal Polar
Stereographic (UPS) grid is used. The MGRS system identifies a series
of squares that get progressively smaller until a 100-by 100-meter
square is reached. The largest of these squares is 100,000 meters on
eacih side and is identified by two letters that place the square in a
grid zone (see A and B below). Each grid zone is equal to 80 of latitude
and 60 of longitude.

sa~u m .t GR0 sOuE 100 METER REFERENCE
2 I Read large lumber Iobein9 *. VERTICAL grid

liekdt ,I point and .dtn..I. tenII~s(100 mneters)
trmghin. toI po.,..

2 Read large nu labe l b.ing Ihe HORIZONTAL
rejToE :: :d :, nt ntfs ODD

8 mef~rs) fro grid lil o poin.

U 2 Example: 115013
0,00 sa .- ',t~lI~T WHEN REPORTING ACROSS A 100.000 METER

~LINE' PREFIX THE 100,00O METER SQUARE

A 0 UT IDENTIFICATION, IN WH!CH THE POINT UE.

ExamEEple: UT115813

GMDt ZONE 0DESIGNA'TON WHEN REPORTING OUTSIDE THE G;RID ZONE

DESIGNATION AREA. PREFIX THE GRID ZONE

18S DESIGNATION.
Example: 18SUT115813

B

When you are locating a position on a large-scale topo-
,raphic map, you are more interested in the 1,000-meter squares, called
"grid squares." These are identified by a 4-digit number. You find the
first two digits by reading the numbers on the bottom of the grid from
Ileft to right and, the second two by reading up, i.e. you read "right
and uip". This gives you the number of a grid square.

83 -

82- -

l0

81

READ RIGHT AND UP 0 1 12 13 14
GRID !;QL'ARE 1181



Now to find your location inside the grid square ( to tta-
nearest 100 meters), you need two mo.,c digits, one for the hoirizontal
axis and one for the vertical axis. So within the grid s.iuare, \ou

extimate how many tenths of the way you are over to the right, and how

man\, tenths of the way up you are. For ex:ample, suppose you are 5/1lttes
to the right and 3/lOths up, then you insert these to make a ;-li
number, such as 115813.

GRID SQUARE 1181

- 82 - -

POSITION 115813

5 10 TO THE -RIGHT' - -

- 81-

1!1 12

3 10 'UP

4.5.5 Procedure 5 - Determining Photo Representative Fractioi 'N F

Deternlning horizontal distances on vertical aerial
ohotogzraphy requires that Von find the scale or representative fract ion
(0') of tht, photographv . Normally, the scale or RI: rovided with the

:1oto,raphv is not accuI-Ate enough for the measurements you will b0
lk ing,, since the scale varies with local terrain elevations or reli f.

It is i:-ipoitant that \'ou check the photographic ,scal for each arc, ''
te )hoto mo.-;aic where horizontai measurements arc required.

Calculate a representative' fraction of the vert ial

.ri,i1 ph ot',raphy h one of the following methods:

. .5.1 Focal lencth,/Altitude ,Icthid

f f = focal lcni.th of cameria
FHl-1 Ii =  a titude of aircraft

h = fltl'.I (1eevationl of ar;a coIV l,
u!ho t o ,l)1h\

PI = M,>: of photo

t I1am'l C: f =  () i1clhe. (0. 5 feet

Ii = 10,000 f'ct
11 = 1M fect (dcto ri-!,inud fror ;i rp contour : os

10. 000-1 5 0

1I:< .519,8 )l



0. 5x = 9,850
x = 19,700

RI' of photo = 1/19,700

4.5.5.2 Po-tpltAjs--ance/Map Distance Method

I'd = photo distance
PRF Pid "(I = map distance
MRF Md MRF = RF of map

Example: Pd = 0.432 feet
Md = 0.108 feet (scaled from map)

mil I* = 1/50,000

PI: = 1/x

I/x 0.432

1/50,000 0.108
0.432)

1/x = 0.-f 43x 1/50,000
0.108

x =  0.---3-2  x 50,000

x = 12,500

R1 of photo = 1/12,500

4.5.5.3 Photo Distance/Ground )istance Method

Pd
PRI Pd I'd = photo distance

(41 = g tfrotLnd distance
PRI = RF of photo

I'x7 imp Ie: Gcd = 42 feet (known -,,round di t11CL

I'd = 0.007

PhI7  = I/>

1/: .007/ 4

- ] .07x =42

6,000

1\I of pil to I / h1), }{1(



4 . 5 . 6 Procedure 0 - lDeterminiin, liorizontal histanflee5 (),I \trti(i Ij

S tL C 1)1 U Ient S t Cr(2o I i r for Vle\,j I ll'-. St ire' I x f ~ I; 1

I'N'ono ctk (ci It~rnitC pho1to) to the mlater ii oven civ in) OIL the hoto
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4.5.7 Procedure 7 - Determining Heights on Vertical Aerial Photo-
g raphy

Step 1. Orient stereo pair for viewing. Securely fasten
stereo mate (alternate photo) to the material overlaying the photo mosaic.

Step 2. Orient a parallax measuring device over the
highest point of the feature of interest and record this parallax value.

Step 3. Orient the device over the base of the feature or
at ground level and record this parallax value.

Step 4. Subtract the parallax value recorded in step 2
from that recorded in step 3 to determine the parallax difference ()p)

Example: Dp = Step 2 value - Step 3 value

= 0.236 ft - 0.233 ft

= 0.003 ft

Note: To reduce variability caused by a single measure-
ment, make several measurements of parallax difference and average the
results.

Step 5. Insert parallax difference (I)p) into the height
formula and calculate the height of the feature of interest:

IDh = height of feature

Dh _ (H-h)()p) Dp = parallax difference
Bm + Dp H-h = vertical distance between camera and the

base of the feature

Bm = mean photographic base*

Example: Dp = 0.003 ft.

H = 6,000 ft.

h = 200 ft.

.Bm = 0.335 ft.

:= = (6000 - 200) (0.003)

0.355 + 0.003
3 - (5800)(0.003) = 17.4

0.358 0358-
-48.6 ft.

.Hlit ;,ri, i tl point of one phot o,r;iph of the stereo pair is ul ottL'C on th(
,thr -i to:'raph, ;1n1 tilt dist;nce betW('fn renters, is measured to At l in

-- -, fr



Step 6. Convert the calculated feature height to meters.

Example: feature height = 48.6 ft.

1 m = 3.3 ft.

48.6
feature height (m) = -3-3

= 14.7

4.5.8 Procedure 8 - Scale Adjustments

When the boundaries of the various areas of interest
have been delineated on aerial photography, they will have to be either
enlarged or reduced to map scale, 1:50,000.

Use one of the following methods:

1. Have the mosaic overlay photographically enlarged or
reduced to the overlay scale, and then trace the boundaries of the areas
f interest onto the overlay. This method requires access to a large

copy camera and a photographic laboratory which may not always be prac-
tical.

2. Use a relfecting projector to project the mosaic
overlay onto the final overlay at the same scale, and then trace the
boundaries. This will require that the overlay be folded and worked on
in small sections.

3. Use a sketchmaster or zoom transferscope to transfer
the boundaries. These instruments can be used only when the scale
difference is small and can accommodate only small sections of the over-
lay.

4. WhIere available, a pantograph may be used.

5. As a last resort, the boundaries may be transferred
by usil a system of squares similar to the example below:

MAP SCALE 1:25,000 OVERLAY SCALE 1:50,000
SIZE OF SQUARES 1 cm SIZE OF SQUARES 0.5cm

This method of transferring detail is verv slow and

shu ld be used only when revising or completing smll ,ireas on the 0v ,rl; v.

I .



APPENDIX A. SPECIFICATIONS FOR THE PREPARATION OF FACTOR OVERLAYS

A-I. Objectives and Design Elements Common to All Factor Overlays

A. Objectives

The objectives of this section are to establish the operational
concepts for the production of factor overlays and to prescribe the design
and formats for those elements and components common to all factor overlays.

B. Operational Concepts

1. Factor overlays are intended primarily for use within the
mapping and intelligence community, and in addition as quick reaction
terrain products for distribution to the user.

2. Factor overlays provide formatted geographic data that can be
readily retrieved and used in various combinations for terrain analysis and
for production of special terrain products.

3. Factor overlays will be prepared in the form of stable base
overlays that will accept photographic reduction to 70 by 105 mm and retain
their legibility when enlarged back.

4. Normally each data field will require several factor overlays
for each area. Data elements to be portrayed on each factor overlay, the
symbology to be employed, and unique formats are specified separately for
each data field.

5. These specifications do not treat methods of collecting or
reducing data. Their purpose is to specify the manner of graphically
recording collected and reduced data.

C. Format

I. General format specifications are indicated in figures Al and
Al.

2. No single factor overlay will exceed 660 by 860 mm (26 by 34
inches), including titles, legends, and other marginal data. Where use of
a base mac exceeding these dimensions is desired, the base will be sub-
divided ard separate factor overlays prepared for each part. When an over-
sized base is sucdivided, each subdivision will be assigned an identification
and an index of parts prepared as per figures Al and A2.

3. Whenever possible, factor overlays will be registered to a
standard scale U.S. military map. Base maps othpr than U.S. military maps
will be clearly identified in the upper right corner of the factor overlay.

4. Each factor overlay will be punci registered to the base map
at the four corners of the neatl ine.

5. A neatline 0.5 mm wide will be placed or each factor overlay.
" eatline aill normally coincide with the neatline of the base map.

9 . .egend information will be placed on the areas identified as
S, Land U on figures Al and A2 in that sequence. Area A will be

used first, B second, etc. Where the legend is too large to be accommodated
in the areas provided, it will be placed on a second piece of overlay
material. This legend overlay will be prepared in the same format as the
.actor overlay and will bear the same identification data.

1._.
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G. Symbolization

Symbols are specified separately for each data field. However,
the following general guidelines will be followed.

1. All lines will be at least 0.09 mm (0.004") wide with a
minimum spacing of 0.18 mm (0.008") between lines. When adjacent linear
features would overlap if symbolized in their true position, the leasc
significant feature will be displaced to provide the 0.18 mm clearance.

2. All letters will be at least 3.2 mm (0.125") high (Elite
typewriter type).

3. All letters, numbers, and symbols will be positioned so as to
be readable from the bottom or right side of the sheet.

4. All symbols, letters, and numbers will be drawn in black
(plastic for mylar sheets) ink or black "Prisma" pencil.

5. Areas with a greatest dimension less than 2 mm will not be
delineated. Areas with a greatest dimension less than 8 mm (.32") will be
identified by lead lines.

6. Tick marks will be placed on the four outermost grid inter-
,ections so as to form a rectangle. Each leg of the tick marks will extend
3 mm from the intersection. These ticks are required to permit addition of
the grid during the reproduction process.

A-2, Watercourses and Water Bodies

A. Introduction

1. This section prescribes the format and symbols to be used to
prepare factor overlays for the data field watercourses and water bodies.

2. It is not anticipated that all data required by these
specifications will be available during the initial preparation of a
factor overlay. Lack of complete data, however, should not preclude
preparation of the factor overlay. The factor overlay concept envisions
the systematic recording of data as it is acquired, periodic revision of
the overlays, and the accumulation of data over a period of time.

B. General Description

The watercourses and water bodies factor overlay will consist of
two arts as follows:

1. An overlay registered to a 1:50,000 scale map (figure A3).

2. A series of accompanying data tables describing those features
assigned iD numbers on the overlay as wel as other related information
"Figures A4, AS, ,no A6).

C. Data Elements

The following data elements will be presented by the factor overlay
and accompanying tables:

1. Factor Overlay

a. Alinrment of all watercourses.

b. Shore aliioment of all water bodies.

r. Terminal points and identification of watercourses with

dry gap width, ri or realer.
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d. Terminal points and identification of watercourse
segments with dry gap widths 3m or greater.

e. Dry gap widths, by classes, of watcrcourses with gap
widths 3m or greater.

f. Average maximum depth during seasonal high and low water
periods.

g. Bank heights and tin/max slopes above mean water for
watercourses with gap widths greater than 50m and water bodies.

h. Delineation of wet areas.

i. Structures and special features/areas.

j. Point and area obstacles.

k. Areas subject to floooing.

1. Location of watercourse cress sections.

m. Navigation channels.

n. Location of fords and ferries.

2. Data Tables

a. Classification of iatercourses, water bodies, and wet areas.

b. Wet and dry gap widths.

c. High and low water conditions.

d. Water velocity and maximum discharge.

e. Bank and bottom information.

f. Representative watercourse cross sections.

g. -idal influence.

h. Water quality information.

i. Ice conditions.

j. Descriptions/sketch of point and area obstacles.

k. Navigation information.

1. Description of areas subject to flooding.

m. Description/sketch of hydroloqic structures and special
features/areas.

*D. Format

1. Factor Overlay (figure A3)

a. The general format for the factor overlay will be as
described in section A-I of this appendix.

b. Source(s) used in the preparation of the factor overlay
and tables will be entered in section B (figures Al and A2) to the left
of the coverage diagram when they are not adequately described in the
coverage diagram. Where a single source is used, or all sources apply to
the entire sheet, the coverage diagram may be replaced by the source
listing.
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2. Data Tables (figures A4, A5 and AG)

a. The general format of the data tables will be as
prescribed in section A-i of this appendix.

b. Where the number of entries will permit, the watercojrse
and water body Data Tables will be placed on a single overlay. When the
amount of information is too great to permit placing all tables on a single
overlay, a separate overlay will be prepared for each table.

E. Symbolization

The following symbology will be used on the factor overlay:

1. Terminal points for watercourses

Terminal points are defined as:

a. The points where the watercourse crosses the map
neatline.

b. The point at which the dry gap width becomes 3m or
greater.

c. The point at which the watercourse loses its identiry
by entering a water body or larger watercourse or where the watercourse
regains its identity by emerging below a dam.

d. The symbol is not used for watercourses with dry gap
widths less than 3 meters or for water bodies.

2. Watercourse/Water Body/Wet area identification

a. Watercourse identification will be shown only for
watercourses witi gaps 3 meters or greater in width.

b. Wet areas include swamps, marshes, bogs, paddy/wet
crops, etc.

c Waterrourses, water bodies, and wet areas will be
numbered sequentially within each map sheet.

d. Where space will permit, the symbol will be placed within
the open water or wet drea. For small watercourses, the symbol will be
placed astride or adjacent to the watercourse. Lead lines will be used
for small water bodies or short watercourses. The size of the box may be
adjusted to accommodate the number of digits in the identifier.

e. The watercourse name, where shown on the base map, may
be placed parallel to the watercourse in approximately the same size
lettering as used on thE base map. Names will not be used on the overlay
where they would clutter the overlay or obscure other data.

173



3. Start/End points of watercourses and water body segments

a. In the case of watercour~es with dry gap widths 50 meters
or less, segments are selected primarily on the basis of the watercourse
width class. However, extreme changes in bank, depth, bottom, or velocity
conditions may also be reasons for establishing a segment.

b. Segments for water bodies and watercourses greater than
50 meters wide wili be selected on the basis of bank heights.

c. A separate series of segments will be established for
each side of watercourses with gap widths greater than 50 meters.

4. Segent identification

a. Segments will be assigned lower case alphabetical
identifiers starting with the first upstream segment.

D. Segments for watercourses with gap widths 50 meters or
less will include both banks.

c. Separate segments will be required for each bank for
water bodies and watercourses with gap widths greater than 50 meters. i.e.
there will be a separate series of segments for each bank. See sample
treatment on figure A4.

5. Watercourse widths

Gap width is defined as the horizontal distance, ba ' to bank
measured at the first slope break above mean water level (see illustr, tior
below).

GAP

a. Watercourhes with gap widths less than 3 meters.

b. Watercourses with gap widths 3 - 10 meters.

c. Watercourses with gap widths 10 - 18 meters.

d. Watercourses with gap widths 18 - 25 meters.

1 /4



e. Watercourses with gap widths 25 - 35 meters.

f. Watercourses with gap widths 35 - 50 meters.

g. Watercourses with qap widths qreater than 50 meters and

all water body shorelines are drawn to scale.

6. Bank conditions

a. Bank conditions are shown for each bank tegment of
watercourses 50m or greater in width and water bodies where sufficient
space is available for recording this information.

b. Numerator indicates bank height above mean water to the
nearest tenth meter.

c. Denominator indicates min/max bank slope in degrees.

7. Maxirum water depth

a. Numerator indicates average maximuir depth in meters duri,,g
seasonal high water periods.

u. Denominator indicates average maximum depth in meters
during seasonal low water periods.

8. Location ot watercourse cross section

.. he used wherever required to illustrate
the waterL-..

b, Identifyiny .. - -' to DataT
able 1.

1 /h



9. Structures and special features

Identifying number is used as a cross reference to data
tables.

a. Bridges

b. Tunnels

c. Dams

d. Cable crossings +

e. Levees

f. Locks or lifts

g. Special feature described in data tables,e.g. naviqation
aids, location of gaging stations, etc.

h. Special area described in data tables, e.g. sewaqe
disposal and filtration beds, fishponds and hatcheries, glaciers, etc.

10. Obstacles

a. Number identifies the obstacle and serves as cross
reference to data tables.

* b. Where the watercourse or water body is large enough,
obstacles may be symbolized or noted within the water area. Symbols will
be sketch versions of those appearing in AMS TM S-I, Chap. 6. Sec VIII.
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H1. Crossing sites

a. Fords

F~

b. Ferries

12. Navigation channels

. . .'
.................. .... ••

Channels will be shown only for those watercourses large
enough to permit symbolization by a double line.

13. Areas subject to flooding

a. Area boundary indicates maximum extent of flooding.

b. Number identifies area within the map sheet and serves
as reference to data tables.

14. Water quality sample sites

Point at which water sample taken.

F. Data Tables

1. Data Table I

Data appearing in this table will be referenced to watercourses,
water bodies, and wet areas identified on the overlay.

a. The watercourse, water body, and wet area identification
numbers will be assigned sequentially within the map sheet. These numbers
will be assigned starting in the upper left hand corner of the overlay and
progressing across and down the overlay.

b. The feature names will be taken from the map to which
the overlay is registered.

c. Hydrographic features will be classified into one of the

following categories:

(1) River

(2) Stream

(3) Inland Waterway
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(4) Aqueduct, Penstock, Pipeline, Flume

(5) Canal (navigable, abandoned, under construction)

(6) Irrigation canal/ditch

(7) Drainage canal/ditch

(8) Lake

(9) Pond

(10) Inland Sea

(11) Marsh

(12) Swamp

(13) Paddy/Wet Crops

(14) Salt Pan

(15) Reservoir

(16) Lagoon

d. Segments will be assigned identifying lower case letters
starting at the first upstream segment. Where there are more than 26
segments, two letters, e.g. aa, bb, will be used for segments 27 and
above.

e. The dry gap width will be recorded to the nearest tenth
meter. Widths will be measured horizontally between the first slope
breaks above mean water.

f. The months during which high water conditions are most
likely to occur will be indicated by entering the abbreviations for the
months, e.g. Mar for March, Jun for June, etc.

g. Maximum and minimum water depth during average high water
conditions will be recorded to the nearest tenth meter for each segment.

If the watercourse is completely dry during a part of the season, it will
be noted.

h. Width of the water gap during high water conditions will
be recorded to '.he nearest tenth meter.

i. Water velocity during high water conditions will be
recorded in meters per second.

j. Low water condi-tions will be recorded in the same fashion
as for high w;ter.

k. Bank heights will be recorded to the nearest tenth meter
measured b,.ween mean water and the first slope break.

1. Bank slopes will be recorded in degrees.

m. Bank material will be indicated by recording either the

unified soil classification or a word description such as rip rap,
masonry, rock, bituminous, etc.

n. The maximum flow in cubic meters per second (cu m/s) for

Period of record will be recorded whenever the information is known or
can be estimated.

o. The segment crnss siction may be either a representative
sketzh or an actual cross section. Where actual cross sections are used
the location wi'l be indicated on the overlay.

1.. . .



2. Data Table 2

a. The feature number and name and the segment identification
letter will be recorded in the same manner as Table 1.

b. Bottom conditions are indicated by recording the bottom
material in unified soil classification system symbols or word description
and slope of the watercourse in degrees.

c. Tidal influences, if any, are indicated by entering
number codes for the months durinq which the maximum influence occurs,
e.g. 1 for Jan., 2 for Feb., etc.

d. The mean daily tidal range within a segment will be recorded
to the nearest tenth meter.

e. The water quality sample number will appear on the overlay
and in the data table. The date the sample was taken will be recorded in
the table if known.

f. The water analysis will indicate the type of contaminants
and the parts per million (ppm) or milligrams per liter (mg/i) for each.

g. Each sample will be assigned a reneral classification

as follows:

(1) Fresh - less than 500 ppr oissolved solids

(2) Brackish - 500 - 15,000 ppm dissolved solids

(3) Salt - greater than 15,000 ppm dissolved solids

(4) Polluted - Polluted by sewage, agricultural, or
industrial wastes.

h. The mean number of days of icing during each month will
be indicated by recording a number in the column beneath the appropriate
month. The month during which the heaviest icing occurs will be circled.

i. The maximum ice thickness occurrinS during the year will
be recorded in centimeters.

j. Obstacles will be described by recording the obstacle
number from the overlay and providing a sketch or brief narrative
description.

3. Data Table 3

a. Feature number and name and the segment identification
letter will be recorded in the same manner as Table 1.

b. Open and closing dates for ravigation will be recorded
for those hydrographic features known to be frequently used for
navigation.

c. The reason for closing a segment to ravigation will be

recorded in the form of a brief statement, i.e. ice, flood, maintenance.. etc.

d. The location of minimum vertical and horizontal clearances

will be recorded in UTM coordinates to the nearest 10 meters.

e. The minimum vertical and horizontal clearances will be
given to the nearest meter.

f. The maximum draft of vessels which can navigate the
channel during mean water will be given to the nearest 0.5 meter.
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g. The identification number of areas subject to flooding
will be taken from the overlay.

h. If known, the date of t',e most recent flood will be
recorded.

i. The mean depth within tne flooded area will be recorded
to the nearest tenth meter.

j. The past duration of 'he flood will be recorded in days.

k. The cause of flooding will be recorded, i.e. heavy rain,
ice jams, broken dam, etc.

1. Structures and special features will be described by
recording the identification number and providing a sketch or narrative
description or both. Structures and features to be treated here include:
dams, tunnels, locks, lifts, levees, inclined planes, etc.

SYMBOLIZATION

WATERCOURSES SYMBOL DIMENSIONS

Dry Gap Width

3 meters . 0 , ,,, 0, 07

3 10 meters . . ..

10 18 meters

10-18meter _[_

18 - 25 meters

5 W4I U /,..
25 - 35 meters i ,--

35 - 50 meters ......___

50 meters

0

Watercourse start and
end points

Z..* I I

Watercourse identification
number
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Watercourse segment start
and end points

Watercourse segment - o•
identification v :"e.

Elevated aqteduct,
penstoc', pipeline,
or f1 uft

D4

Underground aqueduct

Location of cross
section

Bank height in meters 5/45_-
Min/Max bank s~ope in F O

deg rees

Maximum water depth.
Numerator, depth at high 34 F.4
water co nearest tenth 6>

meter; denominator, depth
at low water to nearest
tenth meter.

WATER BODIES

Identification No. .• 2
Large Bodies

Identification No.
Small Bodies

Bank segment start/ 4
end points a '

Bank segment
8identification

181
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Wet Areas 0 z

STRUCTURES & SPECIAL FEATURES

Bridges

Tunnels --

Dams

Cable crossing

.0s.

Levees and other
flood control
structures

-ow

Locks, lifts and 9."
other hydraulic
structures . -

.ts,

Special feature '/" "

Special area .- "

*:4]

OBSTACLES

Point Obstacle - ,
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Area Obstacle 1cb

Rapids 79'- "

Fallis FL

CROSSING SITES

Fords 12'F c)

Ferries ~

NAVIGATION CHANNELS

(Shown only for larger streams)

AREAS SUBJECT TO FLOODING

WATER QUALITY SAMPLE SITES

Point at which water
sample taken



A-3. Drainage Basins

A. Introduction

1. This section prescribes the format and symbols to be used to

prepare factor overlays for the data field drainage basins.

2. It is not anticipated that all data required by these
specifications will be available during the initial preparation of a factor

overlay. Lack of complete data, however, should not preclude preparation
of the factor overlay. The factor overlay concept envisions the systematic
recording of data as it is acquired, periodic revisions of the overlays,

and the accumulation of data over a period of time.

B. Gene3ral Description

The drainage basin factor overlay will consist of two parts as
follows:

1. An overlay registered to a 1:50,000 scale map (figure A7).

2. Three a(companying data tables describing those features
assigned ID numbers on the overlay as well as other related information

(fiqure A8).

C. Data Elements

The following data elements will be presented by the factor
overlay and accompanying tables:

1. Factor overlay

a. Alinement of all watercourses.

b Delineation of the boundaries of primary, secondary,
and tertiary drainage basins.

c. Letter identification of each primary and secondary
Irainage basin.

d. Alphanumeric identification of each tertiary drainage
basin.

2. Data Tables

a. Data Table 4 - Primary Drainage Basins

(1) Identification symbol (single letter) and name of

primary drainage basin.

(2) Name(s) of political unit(s) located within the
asin's boundaries.

(3) Total surface area of the drainage basin (hectares).

(4) Length of primary basin channel (km).

(5) Type and location (UTM coordinates) of hydrologic
structures.

(6) Number of secondary drainage basins.

(7) Number of tertiary drainage basins.
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b. Data Table 5 - Secondary Drainage Basins

(1) Identification symbol (double letter) and name of
secondary drainage basin.

(2) Total surface area of the drainage basin (hectares).

(3) Length of secondary basin channel (km).

(4) Type and location (UTM coordinates) of hydrologic
structures iot recorded in Data Table 4.

c. Data 'able 6 - Tertiary Drainage Basins

(1) Identification symbol (letters and number) and name
of tertiary drainage basin.

(2) Total surface area of the drainage basin (hectares).

(3) Length of tertiary basin channel (km).

(4) Type and location (UTM coordinates) of hydrologic
structures not recorded in Data Tables 4 or 5.

D. Format

1. Factor Overlay (figure A7)

a. The general format for the factor overlay will be as
* described in section A-I of this appendix.

b. Source(s) used in the preparation of the factor overlay
and tables will be entered in section B (fiqures Al and A2) to the left
of the coverage diagram when they are not adequately described in the
coverage diagram. Where a single source is used, or all sources apply
to the entire sheet, the coverage diagram may be replaced by the source
listing.

2. Data Tables (figure A8)

a. The general format of the data tables will be as
prescribed in section A-i of this appendix.

b. Where the number of entries will permit, the Drainage
Basin 'j ta Tables will be placed on a single overlay. When the amount of
,nfor7-ation is too great to permit placing all tables on a single overlay,
a separate overlay will be prepared for each table.

-. Symbolization. The following symbology will be used on the
Lfactor overlay.

1. Drainage basin boundary lines

,.N *,.j .'

These boundary lines mark the topographic inration where
precipitation d~vides to flow to one drainage basin nr annther.

1wo/



2. Drainage basin identification .. 7

B)4

a./* The fh

a. The first letter identifies the primary drainage basin.

b. The second letter identifies the secondary drainage basin.

c. The number identifies the tertiary drainage basin.

3. Watercourse and water body shore alinement

a. Watercourses with gap widths of 50 m or less are
symbolized with a single line.

b. Watercourses with gap widths greater than 50 m and
all Iater body shorelines are drawn to scale.

F. Data Tables

1. Data Table 4 - Primary Drainage Basins

Data appearing in this table will be referenced to primary
wrainae basins identified on the overlay.

a. Column 1; IC. Record the letter assigned to each
primary drainage basine.g. A, B, C, etc.

b. Column 2; Name. Record the name of the primary
atercourse i, this column.

c. Column 3; Political Unit(s). Record the name of the
political unit(s) encompassing the drainage basin.

d. Column 4- Basin Area. Determine the area of each
prima-y drainage basin. Record this value to the nearest 0.1 hectare.

e. Column 5; Channel Length. Determine the length of the
cnannel. Record this value to the nearest O.1 kin.

f. Column 6; Hydrologic Structures (Type). Record the

type o' hydrolcgic ctructures,e.q. concrete dam, earthen dam, lock, etc.

g. Column 7; Hydrrlogic Structures (UTM coordinates).
Dete-rmine tre uTM :oordinates (1 m o) of the hydrologic structures. Record
the co)rdinates in this column.

h. Koiumn 2; Io. of SeLondary Drainage Basins. Record the
number of secondary basins wnir ie within the primary basin.

i. Column 9; No. of Tertiary Drainage Basins. Record the
number of tertiary basins which lie withii the primary basin.

1 2%)
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2. Data Table 5 - Secondary Drainage Basins

Data appearing in this table will be referenced to
secondary drainage basins identified on the overlay.

a. Column 1; ID. Recori the letters assigned to each
secondary drainage basin, e.g. AB, AE. AG, etc.

b. Column 2; Name. Record the name of the secondary
.atercourse in this column.

c. Column 3; Basin Area. Determine the area of each
seconJary drainage basin. Record this value to the nearest 0.1 hectare.

d. Column 4; Channel Length. Determine the length of
the channel. Record this value to the nearest 0.1 km.

e. Column 5 and 6. Hydrologic Structures (Type and UTM
coordinates). Record the type ana UTM coordinates (+ 10m) of hydrologic
structures not recorded in Data Table 4.

3. Data Table 6 - Tertiary Drainage Basins

Data appearing in this table will be referenced to tertiary
drainage basins identified on the overlay.

a. Column 1; ID. Record the alphanumeric characters
assigned to each tertiary drainage basine.g. AB 1, AB 2, AB 3, etc.

b. 'olumn 2; Name. Record the name of the tertiary
watercou.-se in this column.

c. Column 3; Basin Area. Determine the area of each
tertian, drainage basin. Record this value to the nearest 0.1 hectare.

d. Column 4; Channel Length. Determine the length of
the main ch;,nnel. Record this value to the nearest 0.1 km.

e. Column 5 and 6; Hydrologic Structures (Type and UTM
coordinates). Record the type and UTM coordinates (+ 10m) of hydrologic
structures not recorded in Data Table 5.

Symbolization

Feature Symbol Dimensions

Drainage Basin Boundary Line II II.

Drainage Basin Identification AAi AA I -o'

Watercourse Alinement Doe '
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A4. Ground Water

A. Introduction

1. This section prescribes the format and synbols to be used to
prepare factor overlays for the data field ground water.

I1 2. it is not anticipated that all data required by these

specifications will be available during the initial preparation of a
factor overlay. Tie factor overlay concept envisions the systematic record-
ing of data a. it i. acquired, periodic revision of the overlays, and the
accumulation of data over a period of time.

B. General Description

The ground water factor overlay will consist of two parts as
follows:

1. An overlay registered to a 1:50,000 scale map (figures A9and AlO0).

2. Two accompanying data tables describing those features
assigned ID numbers on the overlay as well as other related information
(figure All).

C. Data Elements

The following data elements will be presented by the factor
overlay and accompanying tables:

1. Factor Overlay

a. t.ocation of wells and springs.

b. Location of obse-vation wells.

c. Location of water quality sample sites.

d. Contour map of ground water surface Cif sufficient number
of ground water levels are known).

2. Data Tables

a. Data Table 7 - Wells and Springs

(I) ID numbers and UTM coordinates of all wells, springs.,
and water quality sample sites.

(2) Yield (gpm) of wells and springs and date measured.

(3) Specific capacity (gpnm/ft drawdown) of wells.

(4) Well dimensions and depths of water.

(5) Water quality information.

(6) Remarks.

b. Data Table 8 - Observation Wells

(1) ID numbers and UTM coordinates of all observation wells.

(2) Well dimensions.

(3) Depth to water table information.

190
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(4) Land surface datum (lsd) above mean sea level (msl).

(5) Top of well above land surface datum (lsd).

D. Format

1. Factor Overlay (figures A9 and AlO)

a. The general format for the !actor overlay will be as
described in section A-1 of this appendix.

b. Source(s) used in the preparation of the factor overlay
and tables will be entered in section 8 (figures Al and A2) to the left
of the coverage diagram when they are not adequately described in the
coverage diagrar. Where a single source is used, or all sources apply to
the entire sheet, the coverage diagram may be replaced by the source
listing.

2. Data Tables (figure All)

a. The general format of the data tables will be as
prescribed in section A-i of this appendix.

b. Where the number of entries will permit, the Ground Water
Data Tables will be placed on a single overlay. When the amount of
information is too great to permit placing both tables on a single overlay,
a separate overlay will be prepared for each table.

E. Symbolization

The following symbology will be used on the factor overlay.

1. Wells, springs, water quality sample sites, brings.

a. The symbol marks the location of features noted above.

b. The ID number serves as a cross reference to Data Table 7.

2. Observation Wells

A 6

a. The symbol marks the location of observation wells.

b. The ID number serves as a cross reference to Data Table 8.

3. Depth to Water Table

Number indicates the estimated depth to water table in meters.

F. Data Tables

1. Data Table 7 - Wells and Springs

Data appearing in this table will be referenced to wells, springs,
water quality sample sites, and borings identified on the overlay.
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a. Column 1; ID number. Record the identification number
assigned to each feature in this column.

b. Column 2; Type. Record the type of feature in this
column e.g. well, spring, boring, etc.

c. Column 3; Name. Record the name of the feature, if
known, in this column.

d. Column 4; UTh Coordinates. Determine the UTh coordinates

(+10m) of each feature. Record the coordinates in this column.

e. Column 5; Yield. Record the yield in gallons per minute
(gpm) in this column.

f. Column 6; Date Measured. Record the month and year the
yield was measured,e.g. 4/75, 8/80, etc.

g. Column 7; Specific Capacity. Record the specific capacity
(gpm oer ft drawdown) in this column.

h. Columns8 and 9; Well Diameter and Depth. Record well
diameter to the nearest centimeter (cm) and well depth to the nearest meter
(m) in columns 8 and g respectively.

i. Column 10; Depth to Water. Record the depth to water to
the nearest 0.1 meter (m) in this column. Also record the date the
measurement was taken, if any.

j. Column 11; Land Surface Datum above Mean Sea Level.
Record the land surface datum (Isd) above mean sea level (msl) to the
nearest meter. This is the elevation of the local topography above mean
sea level.

k. Column 12; Top of Well above LSD. Record the distance
to the nearest 0.1 meter (m) that the top of the well extends above the
land surface datum.

1. Columns 13 and 14; Water Quality Component and Units.
Record the water quality component,e.), nitrate, dissolved solids, etc.
in column 13. Record the unit of measuree.g. °C, mg/i , -tc. in column 14.
For the purposes of this guide, mg/i may be taken to be equivalent to parts
per million (ppm)

m. Columns 15 - 17; Min, Max and Mean. Record the minimum,
maximum and mean values for each water quality component in columns 15, 16,
and 17 respectively.

n. Column 18; Remarks. Record pertinent descriptive

information concerning each well and spring in this column.

2. Data Table 8 - Observation Wells

Data appearing in this table will be referenced to observation
.sells identified on the overlay.

a. Column 1; ID number. Record the identification number
assigned to each observation well in this column.

b. Column 2; UTM Coordinates. Determine the UTM coordinates
(+ 10m) of each observation well. Record the coordinates in this column.

c. Columns3 and 4; Well Diameter and Depth. Record well
diameter to the nearest centimeter (cm) and well depth to the nearest
meter (m) in columns 3 and 4 respectively.

195



d. Columns 5 and 6; Highest and Date. Record the highest
water table level to the nearest 0.1 meter (m) and the date (month/year) of
occurrence in columns 5 and 6 respectively.

e. Columns 7 and 8; Lowest and Date. Record the lowest water
table level to the nearest 0.1 meter (m) and the date (month/year) of
occurrence in columns 7 and 8 respectively.

f. Column 9; Mean. Record the mean depth to water table to

the nearest 0.1 meter (m) in this column.

g. Column 10; Land Surface Datum above Mean Sea Level. Record
the land surface datum (lsd) above mean sea level (msl) to the nearest
meter (m). This is the elevation of the local topography above mean sea
level.

h. Column 11; Top of Well above LSD. Record the distance to
the nearest 0.1 meter (m) that the top of the well extends above the land
surface datum.

Symbolization

Feature Symbol Dimensions

035"

Water Table Contour Lines I-O.-I ,, .o "I I

0.I"

Wells. Springs, Borings, 3 .l0'CO.. circle -3 . lol
Water Ouality Sample Sites /

&6 6 10
-Dbservation Wells

Depth to Water Table - 1-- - -i5 :.is"
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APPENDIX B. LOCATION OF SOURCES

B-I. Literature and Map Sources

LIBRARIES

ATMOSPHERIC SCIENCES LIBRARY- NOAA*

8060 13th Street, Silver Spring, Maryland 20910 STOP 7

Chief: Robert W. Huff

Agency Affiliation: National Oceanic and Atmospheric Administration,
U.S. Department of Commerce

Hours: 8:00 a.m. to 5:00 p.m. Monday through Friday

Telephone:
Office: (301)4g5-2404; 2405; 2406; IDS 179
Reference: (301)495-2404; 2405; 2406; IDS 179
Interlibrary loan: (301)495-2404; 2405; 2406; IDS 179

Services:
Reference: No restrictions except that students and non-affiliated

persons should provide evidence of serious intent.
Reading room and stacks: No restrictions except as stated above.
Circulation: To agency personnel and other government and non-

government libraries.
Interlibrary loan: Requests accepted on ALA/ILC form, by letter,

telephone and teletype; both books and periodicals are
available. All outside requests must be made through a
library.

Resources:
Size of collection: 175,000 volumes; 1,300 periodical sub-
scriptions.
Major subjects: meteorology; hydrology; climatology.
Publications: List of periodicals (available); List of

accessions (available).

BUREAU OF RECLAMATION LIBRARY

Denver Federal Center, Building 67, Denver, Colorado 80225.

Librarian: Paul F. Mulloney

Agency Affiliation: U.S. Department of the Interior

Hours: 7:30 a.m. to 4:00 p.m. Monday through Friday

Telephone:
Office: (303) 234-3019
Reference: (303) 234-3019
Interlibrary (303) 234-3019

Services:
Reference: no restrictions4 Reading room and stacks: no restrictions
Circulation: no restrictions
Interlibrary loans: requests accepted in any form. Periodicals
do not circulate outside the Bureau. If only source, periodical
articles will be xeroxed on a limited basis.

* Federal Library Resources. A User's Guide to Research Collections,

Science Associates/International, Inc. 1973.
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Resources:
Size of collection: 29,000 volumes; 747 periodical subscriptions
Major subjects: water resources and all related subjects such as
dams, irrigation, reservoirs, structural engineering, desalination,
environment.engineering, canals, earthquakes, rock mechanics,
hydrology, power transmission, management, computers.
Publications: List of periodicals (available only in house); List
of accessions (available only in house)

NAVY DEPARTMENT LIBRARY

Washington Navy Yard, Building 220, Washington, D.C., 20390 STOP 314

Director: Walter B. Greenwood

Agency Affiliation: U.S. Department of the Navy

Hours: 7:30 a.m. to 4:30 p.m. Monday through Friday

Telephone:
Office: 433-2386 IDS 158; Autovon 288 (Code 11)
Reference: 433-4131, 4132
Interlibrary loan: 433-4133

Services:
Reference: no restrictions
Reading room and stacks: no restrictions
Interlibrary loan: requests accepted on ALA/ILC form and by
letter; both books and periodicals are available

Resources:

Size of collection: 150,000 volumes; 300 periodical subscriptions
Major subjects: naval and general history, cruises, exploring
expeditions with emphasis on pole exploration, economic and
political theories and conditions, geography, travel and guide
books, international low and diplomacy, warfare with emphasis
on naval and combined operations, naval architecture and ship-
building, naval customs and traditions, naval education,
schools and training, naval hospitals and medical service,
naval pay, allowances and pensions, naval regulations, orders
and instructions, naval reserve, naval shore stations, yards
and bases, navigation, hydrography, shiphandling, Navy music,
cook books, rations and equipment, astronomy and mathematics
as they relate to navigation, aviation, civil affairs and
military government communications and signals, courts (martial,
courts of inquiry, justice and punishment), leadership,
personnel selection, management and public administration, morale
services, sports, recreation, ordnance, gunnery, piracy,
privateering, suppression of slave trade, uniforms, insignia
awards, medals and flags, U.S. Coast Guard, U.S. Marine Corps.
Publications: List of accessions (available)

I-
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FEDERAL AGENCIES

The Hydrologic Engineering Center
Corps of Engineers, Sacramento, California

Geological Survey, Department of Interior

Bureau of Reclamation, Department of Interior

Public Health Service, Department of Health, Education and
Welfare

Agriculture Research Service, Department of Agriculture

Soil Conservation Service, Department of Agriculture

Defense Mapping Agency Hydronraphic/Topographic Center
6500 Brookes Lane
Washington, D.C. 20335

Provides accurate charts and related information for foreign waters

National Technical Information Service
Springfield, Virginia 22162

Distributes U.S. Geological Survey Water Data Reports

US Coast Guard (GSBR)
400 Seventh St., SW
WASH DC 20590

Distributes Bridges Over Navigable Waters of the United States

National Ocean Survey (NOS)
Distribution Division (C44)
6501 Lafayette Ave.
Riverdale, MD 20840

Distributes Navigation Charts, Coast Pilots, Tide Tables, Tidal Current
Tables, Tidal Current Diagrams

Superintendent of Documents
Government Printing Office
WASH DC 20402

Provides Light lists

Defense Intelligence Agency
The Pentagon
WASH DC

Source of foreign hydrographic information
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CORPS OF ENGINEERS

U.S. ARMY ENGR DIV, EUROPE U.S. ARMY ENGR DIST, RIYADH
Mail Address: Mail Address:

APO New York 09757 APO New York 09038
Office Locntion: Office Location:

Luebeckerser Riyadh, Kingdom of Saudi Arabia
Building #31
Frankfurt, Germany U.S. ARMY ENGR DIST, JIDDA

Mail Address:
U.S. ARMY ENGR DIV, HUNTSVILLE APO New York 09697

Mail Address: Office Location:
P.O. Box 1600 West Station Jidda, Kingdom of Saudi Arabia
Huntsville, AL 35807

Office Location: U.S. ARMY ENGR DIST, AL BATIN
106 Wynn Drive Mail Address:
Huntsville, AL 35807 APO New York 09616

Office Location:(Temporary)
U.S. ARMY ENGR DIV, LOWER MISS. VALLEY Riyadh, Kingdom of Saudi Arabia

Mail Address:
P.O. Box 80 U.S. ARMY ENGR DIV, MISSOURI RIVER
Vicksburg, MS 39180 Mail Address:

Office Location: P.O. Box 103 Downtown Station
1400 Walnut St. Omaha, Neb. 68101
Vicksburg, MS 39180 Office Location:

12565 West Center Road
U.S ARMY ENGR DIV, MEMPHIS Omaha, Neb. 68144

668 Clifford Davis Federal Building
Memphis, TN 38103 U.S. ARMY ENGR DIST, KANSAS CITY

Mail Address:
U.S. ARMY ENGR DIST., NEW ORLEANS 700 Federal Bldg.

Mail Address: Kansas City, MO 64106
P.O. Box 60267 Office Location:
New Orleans, LA 70160 601 E. 12th St.

Office Location: Kansas City, MO 64106
Foot of Prytania St.
New Orleans, LA 70160 U.S. ARMY ENGR DIST, OMAHA

Mail Address:
U.S. ARMY ENGR DIST., ST. LOUIS 6014 USPO & Courthouse

210 North 12th St. 215 North 17th St.
St. Louis, MO 63101 Omaha, NE 68102

U.S. ARMY ENGR DIST. VICKSBURG U.S. ARMY ENGR DIV, NEW ENGLAND
Mail Address: 424 Trapelo Road

P.O. Box 60 Waltham, MA 02154
Vicksburg, MS 39180

Office Location: U.S. ARMY ENGR DIV, NORTH ATLANTIC
U.S. Post Office & Courthouse 90 Church St.
Vicksburg, MS New York, NY 10007

U.S. ARMY ENGR DIV, MIDDLE EAST U.S. ARMY ENGR DIST, BALTIMORE
Mail Address: Mail Address:

Division Engineer P.O. Box 1715
U.S. Army Engineer Division, Middle East Baltimore, MD 21203
APO New York 09038 Office Location:

Office Location: 31 Hopkins Plaza
Riyadh, Kingdom of Saudi Arabia Baltimore, MD 21201

U.S. ARMY ENGR DIV, MIDDLE EAST (REAR) U.S. ARMY ENGR DIST, NEW YORK
Mail Address: 26 Federal Plaza

P.O. Box 2250 New York, NY 10007
Winchester, VA 22601

Office Location: U.S. ARMY ENGR DIST, NORFOLK
Route 601 803 Front St.
Berryville, VA (Mount Weather) Norfolk, VA 23510
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U.S ARMY ENGR DIST, PHILADELPHIA U.S. ARMY ENGR DIST, WALLA WALLA
U.S. Custom House Bldg. 602, City-County Airport
2nd & Chestnut St. Walla Walla, WA 99362
Philadelphia, PA 19106 U.S. ARMY ENGR DIV. OHIO RIVER

U.S. ARMY ENGR DIV, NORTH CENTRAL Mailing Address:
536 S Clark St. P.O. Box 1159
Chicago, IL 60605 Cincinnati, OH 45201

Office Location:
U.S. ARMY ENGR DIST. BUFFALO 550 Main St.

1776 Niagara St. Cincinnati, OH 45201
Buffalo, NY 14207

U.S. ARMY ENGR DIST, HUNTINGTON
U.S. ARMY ENGR DIST, CHICAGO Mailing Address:

219 S. Dearborn St. P.O. Box 2127
Chicago, IL 60604 Huntington, WV 25721

Office Location:

U.S. ARMY ENGR DIST, DETROIT 502 8th St.
Mailing Address: Huntington, WV
P.O. Box 1027
Detroit, MI 48231 U.S. ARMY ENGR DIST, LOUISVILLE

Office Location: Mailing Address:
Patrick V. McNamara Bldg. P.O. Box 59
477 Michigan Ave. Louisville, KY 40202

Detroit, MI 48226 Office Location:
600 Federal Place

U.S. ARMY ENGR DIST, ROCK ISLAND Louisville, KY 40202
Clock Tower Bldg.
Rock Island, IL 61201 U.S. ARMY ENGR DIST, NASHVILLE

Mailing Address:
U.S. ARMY ENGR DIST, ST. PAUL P.O. Box 1070

1135 USPO & Custom House Nashville, TN 37202
St. Paul , MN 55101 Office Location:

Federal Bldg, U.S. Courthouse

U.S. ARMY ENGR DIV, NORTH PACIFIC 801 Broadway
Mailing Address: Nashville, TN 37202

P.O. Box 2870
Portland, OR 97208 U.S. ARMY ENGR DIST, PITTSBURGH

Office Location: Federal Bldg.
220 N.W. 8th Ave. 1000 Liberty Ave.
Portland, OR 97209 Pittsburgh, PA 15222

U.S. ARMY ENGR DIV, ALASKA U.S. ARMY ENGR DIV, PACIFIC OCEAN
Mailing Address: Mailing Address:

P.O. Box 7002 Bldg. 230
Anchorage, AK 99510 Ft. Shafter, HI 96858

Office Location:
Bldg 21-700 U.S. ARMY ENGR DIST, FAR EAST
Elmendorf Air Force Base, AK APO

San Francisco, CA 96301
U.S. ARMY ENGR DIST, PORTLAND Office Location:

Mailing Address: Seoul, Korea
P.O. Box 2946
Portland, OR 97208 U.S. ARMY ENGR DIST, JAPAN

Office Location: APO
Multnomah Bldg. San Francisco, CA 96343
319 S.W. Pine Office Location:
Portland, OR 97204 Camp Zama, Japan

U.S. ARMY ENGR DIST, SEATTLE U.S. ARMY ENGR DIV, SOUTH ATLANTIC
Mailing Address: 510 Title Bldg.

P.O. Box C-3755 30 Pryor St. S.W.
Seattle, WA 98124 Atlanta, GA 30303

Office Location:
4735 East Marginal Way South
Seattle, WA
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U.S. ARMY ENGR DIST, CHARLESTON U.S. ARMY ENGR DIST, SAN FRANCISCO
Mailing Address: 211 Main St.
P.O. Box 919 San Francisco, CA 94105
Charleston, SC 29402

Office Location: U.S. ARMY ENGR DIV, SOUTHWESTERN
Federal Bldg. Main Tower Building
334 Meeting St. 1200 Main Street
Charleston, SC 29402 Dallas, TX 75202

U.S. ARMY ENGR DIST, JACKSONVILLE U.S. ARMY ENGR DIST, ALBUQUERQUE
Mailing Address: Mailing Address:

P.O. Box 4970 P.O. Box 1580
Jacksonville, FL 32201 Albuquerque, NM 87103

Office Location: Office Location:
400 West Bay St. 517 Gold Ave., S.W.
Jacksonville, FL 32202 Albuquerque, NM 87103

U.S. ARMY ENGR DIST, MOBILE U.S. ARMY ENGR DIST, FORT WORTH
Mailing Address: Mailing Address:

P.O. Box 2288 P.O. Box 17300
Mobile, AL 36628 Ft. Worth, TX 76102

Office Location: Office Location:
109 St. Joseph St. 819 Taylor St.
Mobile, AL 36602 Ft. Worth, TX 76102

U.S. ARMY ENGR DIST, SAVANNAH U.S. ARMY ENGR DIST, GALVESTON
Mailing Address: Mailing Address:

P.O. Box 889 P.O. Box 1229
Savannah, GA 31402 Galveston, TX 77553

Office Location: Office Location:
200 E. Saint Julian St. 110 Essayons Bldg.
Savannah, GA 31402 400 Barracuda Ave.

Galveston, TX 77550
U.S. ARMY ENGR DIST, WILMINGTON U.S. PMRY ENGR DIST, LITTLE ROCK

Mailing Address: Mailing Address:
P.O. Box 1890 P.O. Box 867
Wilmington, NC 28402 Little Rock, AR 72203

Office Location: Office Location:
308 Federal Bldg. 700 W. Capitol
Wilmington, NC Little Rock, AR

WATERBORNE COMMERCE STATISTICS CENTER U.S. ARMY ENGR DST, TULSA
Mailing Address: Mailing Address:

P.O. Box 61280 P.O. Box 61
New Orleans, LA 70161 Tulsa, OK 74102

Office Location:
Pt. of Prytania St. Bldg 701 Office Location:

New Orleans, LA 224 South Boulder
Tulsa, OK

U.S. ARMY ENGR DIV, SOUTH PACIFIC
Mailing Address: OCE PUBLICATIONS DEPOT

630 Sansome St. Rm 1216 890 South Picket St.

San Francisco, CA 94111 Alexandria, VA 22304

U.S. ARMY ENGR DIST, LOS ANGELES
Mailing Address:

P.O. Box 2711
Los Angeles, CA 90053

Office Location:
300 North Los Angeles St.
Los Angeles, CA 90012

U.S. ARMY ENGR 0IST, SACRAMENTO
650 Capital Mall
Sacramento, CA 95814
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STATE AGENCIES

Alabama, Geological Survey of State Idaho, Bureau of Mines and Geology
Geologist Director
Oil and Gas Board Bldg., Moscow, Idaho
University Campus Phone: TU2-6235
University, Alabama
Phone: 8-2528 Illinois State Geological Survey

Chief
Alaska, Division of Mines and Minerals Natural Resources Building

Director Urbana, Illinois
Box 1391 Phone: 344-1481
Juneau, Alaska
Phone: 586-5319 Indiana Dept. of Conservation,i Geological Survey

Arizona, Bureau of Mines State Geologist
Director Owen Hall, Indiana University
University of Arizona Bloomington, Indiana
Tuscon, AZ Phone: EDison 6-6811
Phone: MA4-8181

Iowa Geological Survey
Arkansas Geological and Conservation Director and State Geologist

Committee Geological Survey Building
Geologist and Director Iowa City, Iowa
446 State Capitol Phone: 338-1173
Little Rock, AR

Kansas Geological Survey
California Division of Water Resources Director

P.O. Box 388 Lawrence, Kansas
Sacramento, CA Phone: UNiversity 4-3101

Colorado Bureau of Mines Kansas Water Resources Board
Deputy Commissioner 1134-S State Office Bldg.
316 State Services Bldg. Topeka, Kansas 66612
Denver, Colorado
Phone: 222-9911 Kentucky Geological Survey

Director and State Geologist
Connecticut Geological and Natural College of Arts and Sciences

History Survey University of Kentucky
Director 120 Graham Avenue
Judd Hall, Rn. 306 Lexington, Kentucky
Wesleyan University Phone: 252-2200
Phone: Diamond 6-0788
Distribution Agent: State Louisiana Geological Survey
Librarian, State Library State Geologist
Hartford, Connecticut Box 8847

University Station
Delaware Geological Survey Baton Rouge, Louisiana

State Geologist
University of Delaware Maine Geological Survey
Newark, Delaware State Geologist
Phone: 368-8511 Dept. of Economic Development

Florida, State Board of Conservation State House
Division of Geology Augusta, Maine

Direc tor Phone: MAyfair 3-4511

T asP.O. Box 631 Maryland, Dept. of Geology
Tall ahassee, Florida Mines and Water Resources
Phone: 222-4859 Director

The Johns Hopkins University
Georgia, Dept. of Mines, Mining Baltimore, Maryland

and Geology Phone: BElmont 5-0771
Di rec to r

19 Hunter St., S.W.
Atlanta, Georgia
Phone: JAckson 2-7076
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Michigan, Geological Survey Division North Carolina Division of Mineral
Division Chief Resources
Department of Conservation State Geologist
Stevens T. Mason Bldg. Dept. of Conservation and
Lansing, Michigan Development
Phone: IVanhoe 5-8144 P.O. Box 2719

Raleigh, North Carolina
Minnesota Geological Survey Phone: TEmple 4-3611

Director
University of Minnesota North Dakota Geological Survey
Minneapolis, Minnesota State Geologist
Phone: 373-3372 University Station

Grand Forks, North Dakota

Mississippi Geological Survey Phone: 777-2231

Director and State Geologist Ohio Division of Geological Survey
P.O. Box 4915 Chie f
Jackson, Mississippi ChiefPhone 36210561207 Grandview Avenue~~~~Phone: 362-1056 ClmuOi

Columbus, Ohio
Missouri Geological Survey and Phone: 486-9595

Water Resources Oklahoma Geological Survey
Director and State Geologist Direor
P.O. Box 250 Director

Rolla, Missouri University of Oklahoma

Phone: EMerson 4-1752 Norman, Oklahoma
Phone: JE 6-0900

Nebraska, Conservation and Survey Div.
Director and State Geologist Oregon State Dept. of Geology and

University of Nebraska Mineral Industries

Lincoln, Nebraska State Geologist
1069 State Office Building

Nevada, Bureau of Mines Portland, Oregon

Director Phone: CA 6-2161

University of Nevada
Reno, Nevada Pennsylvania, Bureau of Topographic

Phone: FAirview 3-2081 and Geologic Survey
State Geologist

New Hampshire State Division of Dept. of Internal Affairs

Economic Development Harrisburg, Pennsylvania

Director Phoen: CEdar 8-5151

Survey of Mineral Resources
State House Annex Rhode Island Development Council

Concord, New Hampshire Executive Director

Phone: 225-6611 103 Roger Williams Bldg.
Providence, Rhode Island

New Jersey Geological Survey Phone: JAckson 1-7100

State Geologist
520 East State Street South Carolina, Division of Geology
Trenton, New Jersey State Development Board
Phone: EXport 2-2131 State Geologist

1321 Pendleton Street

New Mexico, Bureau of Mines and P.O. Box 927
Mineral Resources Columbia, South Carolina
Director Phone: ALpine 4-9804
Campus Station
Socorro, New Mexico South Dakota State Geological Survey
Phone: 588 State Geologist and Director

Science Center, University

New York State Museum and Science Vermillion, South Dakota
Service Phone: MArket 4-4471
State Geologist
Albany, New York Tennessee Division of Geology

Principal Geologist
G-5 State Office Building
Nashville, Tennessee
Phone: 741-2726
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Texas, Bureau of Economic Geology SOCIETIES & ORGANIZATIONS
Director
University Station, Box X American Society of Civil Engineers
Austin, Texas
Phone: GReenwood 1-1534 American Geophysical Union

Utah Geological and Mineralogical National Water Well Association
Survey
State Geologist and Director Missouri Water Well Drillers Assoc.
103 Civil Engineering Bldg.
University of Utah National Research Council
Salt Lake City, Utah
Phone: 322-6831 River Basin Commissions

Vermont Geological Survey Water Resources Council
State Geologist
Fleming Museum American Water Resources Association
University of Vermont
Burlington, Vermont
Phone: UNiversity 4-4511 B-2. Aerial Imagery Sources

Virginia Division of Mineral Resources
Commissioner of Mineral Resources U.S. GOVERNMENT AGENCIES
and State Geologist
McCormick Road Aerial Photography Field Office
P.O. Box 3667 Agricultural Stabilization and
Charlottesville, Virginia Conservation Service
Phone: 293-5121 Department of Agriculture

Washington Division of Mines & Geology Western Laboratory

Supervisor 2222 West 2300 South
335 General Administration Bldg. P.O. Box 30010

Olympia, Washington Salt Lake City, UT 84125

Phone: 753-6183 (Source for all states)
Defense Intelligency Agency

West Virginia Geological and Economic ATTn: DIAAP-IO

Survey
Director and State Geologist Washington, D.C. 20301
Box 879
Morgantown, West Virginia DMAHTC
Phone: Linden 9-4461 and 6500 Brooks Lane

9-4462 Washington, D.C. 20315

Wisconsin Geological and Natural Bureau of Land Management
History Survey Department of Interior
State Geologist and Director Washington, D.C. 20240
Science Hall, University of
Wisconsin Cartograp Archi ves Division
Madison, Wisconsin National Archives (GSA)
Phone: ALpine 5-3311 Washington, D.C. 20408

Wyoming Geological Survey EROS Data CenterState Geologist U.S. Geological Survey

Geology Bldg., Univ. of Wyoming Sioux Falls, SD 57198
Laramie, Wyoming National Cartographic Information
University Station Center (Headquarters)

Laramie, Wyoming Geological Survey

Phone: 745-3129 Department of Interior
Reston, VA 22090

(Massachusetts. Hawaii, and Alaska NCIC-Mid-Continent
do not have State geological surveys) USSC 4id pndencUSGS, 1400 Independence Rd.

In addition to the geological surveys Rolla, MO 65401
listed above, many States have a water
resources institute, water commissioner,
water engineer, State engineer, State
health department, or planning
coffmiissions which collect water data.
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1
NCIC-Rocky Mountain Ammann International Base Map &
USGS, Topographic Division Air Photo Library
Stop 510, Box 25046 223 Tenth Street
Denver Federal Center San Antonio, TX 78215
Denver, Colorado 80225

Burlington Northern Inc.
NCIC-Western 650 Central Building
USGS, 345 Middlefield Rd. Seattle, WA 98104
Menlo Park, CA 94025

Cartwright Aerial Surveys Inc.
National Ocean Survey Executive Airport
Department of Commerce 6151 Freeport Boulevard
Washington Science Center Sacramento, CA 95822
Rockville, MD 20852

H. G. Chickering, Jr.
Soil Conservation Service Consulting Photogrammetrist, Inc.
Department of Agriculture P.O. Box 2767
Federal Center Building 1190 West 7th Avenue
East-West Highway and Belcrest Rd. Eugene, OR 97402
Hyattsville, MO 20781
HMOFairchild Aeromaps Inc.

Tennessee Valley Authority 14437 North 73rd Street
Maps and Surveys Branch Scottsdale, AZ 85254
210 Haney Building
Chattanooga, TN 37401 Grumman Ecosystems Corp.

Bethpage, NY 11714

Eastern US Forest Service Photography
Chief Forest Service Henderson Aerial Surveys Inc.
U.S. Department of Agriculture 5125 West Broad Street
Washington, D.C. 20250 Columbus, OH 43228

Western US Forest Service Photoqraphy Walker and Associates Inc.

Region 310 Prefontaine Building
I Federal Building, Missoula, Seattle, WA 98104

MT 59801
2 Federal Center, Building 85, Western Aerial Contractors, Inc.

Denver, CO 80025 Mahlon Sweet Airport

3 Federal Building, 517 Gold Route 1, Box 740

Ave. SW Albuquerque, NM 87101 Eugene, OR 97401
4 Forest Service Building,

Ogden, UT 84403 L. Robert Kimball
5 630 Sansome St., San Francisco, 615 West Highland Ave

CA 94111 Ebensburg, PA 15931
6 P.O. Box 8623, Portland, OR

97208 Lockwood, Kessler & Bartlett, Inc.
10 Regional Forester, U.S. Forest One Aerial Way

Service, P.O. Box 1628, Syosset, NY 11791

Juneau, AK 99801
Mark Hurd Aerial Surveys, Inc.

COMMERCIAL FIRMS 345 Pennsylvania Avenue South
Minneapolis, MN 55426

Aerial Data Service Merrick and Company
10338 East 21st Street Consulting Engineers
Tulsa, OK 74129 2700 West Evans

Aero Service Corporation Denver, CO 80219

4219 Van Kirk Street Murry - McCormick
Philadelphia, PA 19135 Aerial Surveys Inc.

6220 24th Street
Air Photographics Inc. Sacramento, CA 95822P.O. Box 786
Purcellville, VA 23132 Photographic Interpretation Corp.

Box 868
Alster and Associates, Inc. Hanover, H 03755
6135 Kansas Avenue, NE
Washington, D.C. 20011
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Quinn and Associates B-3. Ground Imagery Sources
460 Caredean Drive
Horsham, PA 13044

U.S. Army Imagery Interpretation Group
Sanborn Map Company, Inc. Bldg. 213, Washington Navy Yard
P.O. Box 61 Washington, D.C.
629 Fifth Avenue
Pelham, NY 10803 Defense Intelligence Agency

ATTN: RPP-3
The Sidwell Company Washington, D.C. 20301
Sidwell Park
28W240 North Avenue U.S. Army DARCOM Service Support Activity
West Chicago, IL 60185 Audio-Visual Presentations Division

Room 1C13, Pentagon

Surdex Corporation Washington, D.C. 20310
25 Mercury Boulevard
Chesterfield, MO 63017

Teledyne Geotronics
725 East Third Street
Long Beach, CA 90812

United Aerial Mapping
5411 Jackwood Drive
San Antonio, TX 78238

CANADA

National Air Photo Library
Surveys and Mapping Building
615 Booth St.
Ottawa, Canada KIA OE9
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APPENDIX C. REFERENCE MATERIALS

C-1. Nautical Charts - provide information on navigation channels and
navigation aids; provide vertical clearances of bridges and overhead
cables in feet above mean high water; provide horizontal clearances
of bridges (see figure Ci).

Source: Corps of Engineer Div/Dist
National Ocean Survey

C-2. United States Coast Pilots - supplement navigational information shown
on nautical charts and are based upon field inspections; information
relates to navigation on U.S. coastal and intracoastal waters, and
waters of the Great Lakes; include outstanding landmarks, channel
peculiarities, ice, weather, etc.; horizontal clearances are given
when they are less than 50 ft.

Source: National Ocean Survey

C-3. Tide Tables - include predicted times and heights of high and low
waters for every day in the year for a number of reference stations;
also include differences for obtaining similar predictions for other
locations.

Source: National Ocean Survey

C-4. Light Lists - describes aids to navigation, consisting of lights, fog
signas,buoys, light-ships, day beacons, and electronic aids.

Source: Superintendent of Documents
Washington, D.C.

C-S. Bridges Over Navigable Waters of the United States - a four part
directory of bridges across the navigable waters of the United States
include bridge locations, name of owner and navigation clearances
(see figure C2).

Source: U.S. Coast Guard

C-6. Federal Project Reports - contain detailed information, including
typical cross section of structures and channels at federal project
locations (see figure C3).

Source: Corps of Engineer Div/Dist

C-7. U.S. Geological Survey Water - Data Reports - consist of records of
stage, discharge, water quality of streams and springs; stage, contents,
and water quality of lakes and reservoirs; water levels and water
quality of wells.

Source: National Technical Information Service
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APPENDIX D. STEREOGRAMS
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STEREOGRAM No. 1 BRYANT POND
Keywords: water quality Film Super XX f = 12 inches

water body Filter Minus-blue H = 9,600 ft.
Camera Unknown RF = 1:13,000*

b = 0.220 ft. (left)
0.226 ft. (right)

A manufacturing facility of Allied Paper Company at Kalamazoo, Michigan,
(A.8-2.3) and its chemical waste disposal area are shown. Bryant Pond is at

C.8-3.8 and the treatment plants are at C.21-2.44 and C.40-2.80. Indica-
tions of a counter clockwise circulation within the pond are visible. The
pond outlet is just out of the stereogram at what would be E.01-4.02. Note
the difference in tone between Bryant Pond and the water body at A.6-1.8.

Source of Photography: University of Illinois Stereogram Series

V *RF value computed after photo reduction
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STEREOGRAM No. 2 SWAN POND
Keywords: wet area (marsh) Film Panchromatic f = 153.02mm

water body Filter Minus-blue H = 12,600 ft.
pier Camera Unknown RF = 1:25,150
jetty b = 0.323 ft.

An area along the southern coast of Cape Cod is shown. The large pond
at A.6-1.O is drained by an extremely meandering, small watercourse which
appears to traverse a marshy area. Near A.6-1.6 this watercourse passes
through a former lake which has been filled with vegetation. A series of
piers and jetties have been built along the coastline to Protect the beach
from erosion. Longer piers near B.3-3.4 protect the small-boat channel at
the mouth of the meandering watercourse cited earlier. The dark tone and
straight sides of this channel suggest that it is periodically dredged. A
series of light-toned underwater sand ridges (B.2-3.8) are present to the
left of the small boat channel.

Source of Photography: University of Illinois Stereogram Series
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STEREOGRAM No. 3 ROCK SPRING BRANCH
Keywords: dam Film Super XX f = 12 inches

water body Filter Minus-blue H = 4,700 ft.
watercourse alinement Camera K-17B RF = 1:4,700

b = 0.324 ft.

Minor tributaries and gullies similar to those that form the headwaters
of nearly all watershed drainage systems are visible in the vicinity of
B.7-3.8. A small earth dam built across Rock Springs Branch at C.3-2.1 has
created a pond of characteristic dark tone. A spillway is visible on the
dam at B.25-2.05.

Source of Photography: University of Illinois Stereogram Series
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STEREOGRAM No. 4 LOCK AND DAM
Keywords: lock Film Dupont 136R f = 6.0 inches

levee Filter Yellow H = 4,800 ft.
ice Camera Wild RC 8 RF = 1:9,600
pumping station b = 0.291 ft.
dam

The Illinois river channel is shown bounded by steep buffs above and
a levee below. The pumping station at C.5-1.5 takes the collected drainage
from the old flood plain and pumps it into the river below the dam. Note
the ice of light tone which has collected behind the dam. The lock is
located at the upper end of the dam near B.2-2.1.

Source of Photography: University of [llinois Stereogram Series
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STEREOGRAM No. 5 MORGAN SCHOOL
Keywords: watercourse Film Super XX f = 12 inches

alinement Filter Minus-blue H = 14,500 ft.
drainage canal Camera K-17B RF = 1:14,500

b = 0.387 ft.

Natural and man-made drainage channels in an area of wind-deposited
soils are shown. The oriented (regular) channels are visible as at A.O-2.0
to A.75-2.10. This channel and others contrast with the irregular, somewhat
meandering, natural stream.

Source of Photography: University of Illinois Stereogram Series
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STEREOGRAM No. 6 PROSPECT HILL
Keywords: wet area (peat bog, Film Panchromatic f = 6 inches

cranberry bog) Filter Minus-blue H = 30,450 ft.
water body RF = 1:71,000*

b = 0.286 ft.

A series of beach ridges between Glen Lake (bottom) and Lake Michigan
(upper left) control the meandering path of Crystal River. At B.1-1.9 a
natural depression, probably a peat bog, is occupied by a poor stand of
northern white cedars. The limits of the depression are clearly marked by
a fringe of balsam-fir that completely surround the area. At A.35-1.10
a small cranberry bog is visible, although the indications of cultivation
are not visible at this scale.

Source of Photography: University of Illinois Stereogram Series

*RF value computed after photo reduction
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STEREOGRAI No. 7 TEN DOLPHINS
:Key words: special feature (dolphins) Film Super XX f = 6 inches

levee Filter Minus-blue H = 7,920 ft.
L drainage ditch Camera K-17B RF = 1:15,840

b = 0.197 ft.

The Central Illinois Power Company thermal electric power plant on the
Illinois River is shown. A string of dolphins in the river serve as a

barge landing and seven coal barges can be seen at the landing. The coolant
water discharge point (C.31-1.90) is marked by a light-toned trail of
effluent coolant water leading downstream from the entry point. There are
several levees, one of which extends from A.35-1.65 to B.30-1.25. Also
depicted are several drainage ditches, one of which extends from A.35-1.05
to B.25-1.I0.

Source of Photography: University of Illinois Stereogram Series
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STEREOGRAM No. 8 SPILLWAY
Keywords: dam Film Super XX f = 12 inches

ice Filter Minus-blue H = 9,600 ft.
Camera RF = 1:11,200 ,-

b = 0.269 ft.

A large thermal electric plant on the Kalamazoo River is shown. A
small dam is visible on the river at A.25-1.33. Ice can be seen on the
water surface behind the dam. An indentation in the ice (A.45-1.80) reveals
the location of the discharge point of heated coolant water from the plant.
A streak of slightly lighter tone than the surroundinq water leads from
this entry point to the dam spillway. This difference in tone corresponds
to the flow pattern of the effluent coolant water.

SourcU o !'Ohotographv: Universitv of llinois Sterec ram S) rlc's

v,.1 IL LCo-.,, La,.ed aifter photo reduction
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STEREOGRAM No. 9 OHIO RIVER LOCK AND DAM
Keywords: dam Film Super XX f = 209.79mm

lock Filter Minus-blue H = 14,425 ft.
levee Camera Unknown RF = 1:21,000

b = 0.295 ft.(left)
0.280 ft. (right)

Ohio River Lock and Dam No. 51 are shown. An earthen levee surrounds
the village located on the upper bank of the Ohio. The lock is located at
the upper end of Dam No. 51.

Source of Photography: University of Ill.inois Stereograin Serius
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STEREOGRAM No. 10 BIGHORN RIVER
Keywords: irrigation canal Film Panchromatic f = 8.25 inches

watercourse Filter Minus-blue H = 17,200 ft.
Camera Unknown RF = 1:25,000

b = 0.210 ft.

A meandering mature river in a semi-arid environment is shown. The
extensively cultivated alluvial terrace below the river is provided water
for irrigation through a canal network. Note the linearity of the canal
system when compared with the natural drainage channels.

Source of Photography: University of Illinois Stereogram Series
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APPENDIX E. GLOSSARY

E-1. Watercourses and Watgr Bodies

" A large pipe or conduit made for transporting water from a
nt source.

artifical flood - Any inundation brought about in whole or in part by the
deliberate breaching of dams or levees, manipulation of water control
structures, or temporary damming operations.

backwater - Water held or forced back in consequence of some obstruction,
such as a dam, regulator, or constricted channel section.

bank - The continuous sloping margin of a stream or other water body; on a
stream, designated left or right bank as it would appear to an observer
facing downstream.

bar - An accumulation of alluvial material in a stream channel, commonly
emergent at low water.

bed - The bottom on which a body of water rests.

canal - A channel or waterway artificially constructed or maintained for
conveying water, or for connecting two or more bodies of water.

channel - (1) The trench in which a stream normally flows; (2) that part
of a body of water deep enough to be navigable.

channel cross section - A representation of a channel as it would appear if
cut through cross-wise and vertically at right angles to its long axis,
and depicting, cpecifically, the area of the channel through which
Olow has passed or is supposed to pass.

channel rectification - A process by which various hydraulic works and
construction methods are used for channel improvement purposes, the
object being to arrange sdch works so that the current is utilized to
the greatest extent possible to move the bed material, and so to
produce the desired channel conditions.

channel roughness - Roughness of the channel, including extra roughness due
tolocal expansion or contraction and obstacles, as well as roughness
of the stream bed proper, i.e., friction offered to the flow by the
surface of the bed of the channel in contact with the water; expressed
by the roughness coefficient of the velocity formulae.

channel stora e - Water stored temporarily in the channel when flow is
greate n the immediate discharge capacity of the channel.

conduit - An artifical or natural channel which carries water for either
supply or industrial purposes.

climatology - The study of climate, including statistical relations, mean
values, normals, frequencies, variations, and distribution of meteor-
ologic elements.

critical depth - The depth of water in which a given discharge flows in a
given channel with a minimum content of specific energy.

critical flow - A condition of flow in which fluid is flowing in a canal at
the critical depth.

current velocity - The speed, expressed in units of time and distance, at
which water flows in a stream, channel, or conduit.
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design flood - Flood data utilized in controlling the design of a specific
dam or other structure.

dike - (1) A bank, as of earth, thrown up as a barrier to inundation; a
levee; (2) a bank of earth thrown up from a ditch.

discharge - A volume of water which flows past a cross section of a stream,
channel, or conduit in a unit of time; also called rate of flow.

discharge measurement - The process of determining the discharge of a
* stream through actual measurement and consisting of measurements of

depth, width, and current velocity at various points in the stream
cross section.

discharge rating curve - A graphic representation expressing the relation
between discharge and stage at a given point. Also called a discharge
curve; rating curve; stage-discharge relation.

diversion - Changing the course of a stream or diverting any part of its
flow in another direction.

divide - A line which follows the highest ground between stream or drainage
systems.

drainage - The process of removing surface water or ground water by artifi-
cial or natural means.

drainage basin - The entire area from which a lake or stream and its trib-
utaries receives water. Also called a catchment basin, river basin,
drainage area, watershed.

Drainage Canal/Ditch - an artifical waterway used for drainage of surface
water.

in - The process of scooping up or removing earth, sand, silt, etc.,
or the purpose of deepening or widening stream or harbor channels.

dry gap width - The distance between right and left banks determined at the
first slope break above mean water level.

duration curve - A graphic representation used to present the relation
between flow and time, or precipitation and time.

flood peak - Maximum rate of flow occurring during a flood.

flood plain - The area along a stream that is subject to inundation when
the stream overflows its banks. Sediment carried by the water is
deposited on the flood plain.

flood wall - A work or structure raised to some height and intended for
defense or security against floods.

floodway - A channel constructed to carry flood water in excess of the
amount that can be safely carried in a stream even when the stream's
capacity has been increased by the construction of levees; such a
channel is usually constructed with levees on each side, parallel
and adjacent to the stream, and sufficiently long to carry the flood
waters around the restricted section of the stream.

flow - A quantity of water carried by a stream or conduit, expressed in

volume per unit of time.

flow reguloti6n - The control of the flow of water by hydraulic structures.

* flume - An open and inclined channel, usually V-shaped, which carries
water at a constant gradient. It is used in mining, logging and
irrigation operations.
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ford - A site in a stream or other water body that can be waded by man or
traversed by a car, truck, or tank. The water body at a ford is
shallow, and has a low velocity and a firm, level, and not too
bouldery bottom.

freeboard - The vertical distance between the normal maximum operating
1evel of a reservoir and the top of the dam, or between the stage

of the design flood and the top of the levee.

frequency curve - A graphic representation which gives the number of times
that a particular quantity, like intensity of rainfall or runoff, has
occurred or may occur; sometimes frequencies are expressed as per-
centages of the total number of values available.

gage, automatic recording - A gage in which the stages of the stream are
automatically recorded on strip charts or other forms, providing a
continuous record of the variation in river stage and their times of
occurrence. Sometimes referred to as a recording gage.

gage height - The height of water above a gage datum.

gage zero - Elevation of the zero of a gage above a certain datum.

gorge - A deep, narrow, steep-sided valley, commonly with a stream occupying
most of its floor.

oradient - The longitudinal slope, obtained by dividing the difference in
bed or water-surface elevations at two points on a watercourse by thedistance between them.

high water - The highest water level within the period considered.

high water mark - A mark left by silt, debris, or other means at the
highest point reached by water during a flood.

hydraulics - That branch of science, or of engineering, which treates water
or other fluid in motion, its action in rivers and canals, the works
and machinery for conducting or raising it, its use in driving
machinery, etc.

hydrograph - A graph showing stage, discharge, velocity or other feature
of flowing water with respect to time; for example, a discharge
hydrograph shows the discharge of a stream as ordinate against time
as abscissa.

hydrography - The science of measuring and studing oceans, seas, rivers
and other waters and their marginal land areas, including fundamental
elements needed for safe navigation of such areas.

hydrologic cycle - The general circulation of water in its various states,
from the sea to the atmosphere, to the ground, and back to the sea.

hydrology - A science dealing with the occurrence of water on the earth;
its physical and chemical properties, transformations, combinations
and movements; especially with the course of water from the time of
its precipitation on land until its discharge into the sea or return
to the atmosphere.

inflow - Water flowing into a stream, lake, or reservoir.

Inland Sea - A extensive body of water confined to the interior of a
country or region.

irrigation canal/ditch - An artificial waterway used for transporting
water.
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isohyet - A line connecting points of equal rainfall. A rainfall contour
map is called an isohyetal map.

lagoon - A shallow sound or channel of salt water separated from the open
sea by sand or an offshore reef.

levee - an embankment along a stream or other water body, built for the
purpose of limiting floods.

lock - An enclosure in a canal or river with gates at each end, used in

raising or lowering boats as they pass from level to level.

low water - The lowest water level within the period considered.

marsh - A tract of spongy, wet, or water-covered treeless ground usually
covered by grasses, cattails, or similar vegetation.

mass rainfall curve - A graph showing accumulated precipitation against
time.

mean water - An arithmetic mean of daily mean water levels for a year, or
the average of a number of years.

navigation canal - An artifical waterway improved by locks, levees, etc.,
to permit navigation.

normal - An average value which, in the course of years, any meteorologic
eleent is found to have on a specified date or during a specified
month or other portion of the year, or during the year as a whole;
in hydrology, sometimes used for median, as in normal water level.

orifice - A hole or opening, usually in a plate, wall, or partition,
Trough which water flows, generally for purposes of control
measurement.

overbank - With reference to stream level, that stage at which the stream
is no longer confined to its normal course of flow, spilling out into
the adjacent areas.

outflow - The flow of water out of a stream or reservoir.

paddy/wet crops- An artifically flooded area such as a rice field.

penstock - A closed pipe or channel used by hydroelectric installation to
carry water, under pressure, to the generating plant.

planimeter - An instrument for meabu,-ing the area of any plane figure by
passing a tracer round the boundi-y line.

pond - A small area of still water, usually artifical.

pool elevation - The water surface elevation of a reservoir measured from
mean sea evel or a givpn datum.

profile - The bottom or water surface elevation of a stream plotted against
distance.

pump - A device or machine that raises or transfers fluids by suction or
pressure, or both.

rainfall excess - That part of the rain of a given storm which has an
intensity of rainfall exceeding evaporation, absorption and infiltra-
tion capacity of the soil; that is, the volume of rainfall available
for direct runoff.

rainfall intensity - The rate at which rainfall occurs, expressed in depth
units per unit of time. Also called the rate of rainfall.
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rapid(S) - A part of a stream with greater than normal current velocity
and turbulence, but without actual waterfall; the stream has a higher
gradient in this sector and generally flows through rocks or other
obstructions.

reach - (1) The section of a stream between two gaging stations, or other
significant points; (2) A straight portion of a stream.

reservoir - An area of water-storage often artifically created by building
*a dam at a suitable retaining point across a watercourse.

reservoir capacity - When applied to a reservoir, the capacity is the
quantity of water stored between bed level and level of the spillway
crest.

resistance - Those structures or factors that resist the flow of water.

runoff - That portion of the precipitation that is transmitted through
natural surface channels; the residual of rainfall after the deduction
of losses.

runoff depth - Total runoff from a drainage area or basin, divided by the
area; expressed in either units of depth or units of volume per unit
area of the basin.

salt pan - A basin surrounded by and lined with a solid deposit of salt.

snowfield - An accumulation of snow and ice which remains on the surface of
the ground for a considerable period.

sounding - The depth of water in a stream, as measured from water surface

to bed at one of several points.

spillway - A passage for spilling surplus water; a wasteway.

spillway gates - Gates of various types built on top of the spillway crest
of a dam, and used to regulate the elevation of the water surface of
the reservoir.

stage - (1) The height of the surface of a stream above an arbitrary point,
such as the zero mark on a gage; also called gage height; (2) in
popular usuage, bankfull stage refers to the depth of the stream when
the water surface is at the top of the bank.

storage - The impounding of water in either surface or underground reservoirs
for later use.

storm - A term commonly used for violent atmospheric disturbances, such as
a gale, thunderstorm, rainstorm, or snowstorm.

stream - A general term for a body of flowing water. The term is usually
applied to water flowing in a natural surface channel, but it may
also be applied to water flowing in an open or closed conduit, and to
a jet of water issuing from an opening.

stream patte-n - An arrangement of stream parts, elements, or details that
suggest a design or orderly distribution in natural or chance stream
formations.

stream gage - A device for measuring the water surface level above a certain
datum for record purposes.

swamp - A tract of wet or water-covered ground overgrown with trees and
shrubs.

tailwater - The water just downstream from a structure.
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tributa - -A surface or underground stream which contributes its water,
ener continuously or intermittently, to another and larger stream.

turbidity - The approximate amount of suspended matter in water, expressed
in parts per million.

unit hydrograph - A stream flow hydrograph of surface runoff resulting
from one inch of excess rainfall falling during one unit of time over

a specific drainage basin.

water body -An inland body of water which may or may not have a current
or single direction of flow; e.g., a lake, reservoir, pond, etc.

watercourse - A stream, river, creek, brook, run, or canal, usually running
in a definite channel or bed and discharging into another body of
water.

watershed - The entire region that contributes water to a river or lake.
Also called drainage basin, river basin, catchment area.

E-2. Ground Water

Anions - negatively charged ions of substances, commonly determined in
chemical analyses of water, such as bicarbonate, carbonate, chloride,
and sulfate ions.

Artesian - water rising above its level below ground when no longer con-
fined, as by tapping with a well hole (see hydraulic head).

Aquiclude - a slightly permeable rock, soil, or zone which contains water
but so severely impedes its passage that it rarely if ever is a
source of water, although it may recharge aquifers or aquitards at a
very slow rate over a long period of time (e.g., many clays).

Aquife - any water-bearing horizon in soil or rock capable of yielding
significant amounts of water; may be a stratigraphic unit, a layer or
layers, a fracture zone, or other entity.

A uif e - an impermeable rock, soil, or zone which contains no water, or
only trapped water, and forms essentially a total barrier to water
movement (e.g., massive granite).

Aquitard - a rock, soil, or zone of low permeability which contains water
but retards its passage to the extent that it is not normally con-
sidered an aquifer e.g., certain silts).

Attitude - the inclination of an aquifer, such as a bed or fracture zone,
or a gallery, in relation to the horizontal; the dip is the maximum
angle of inclination and the bearing of that angle, and the strike
is the bearing of a horizontal line within the aquifer.

'ailldrity - the attractive force between two unlike molecules, measured

by the amount of rise of water in glass tubes of hairlike diameters
or in small interstices of laboratory samples.

Catchment area - the general area where water from rainfall and other
sources enters the ground to feed an aquifer, or recharge it; often
the site of outcrop of an aquifer.

Cations - positively charged ions of substances, commonly determined in
chemical analyses of water, such as calcium, magnesium, potassium,
and sodium ions.

Casing - tubing placed in a well during or after excavation to prevent the
walls from caving and/or to prevent fluids from entering or leaving
the hole.
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Clarification - removal of suspended material, turbidity, and color by the
addition of coagulation chemicals, thorough agitation and dispersal
of chemicals, and complete flocculation and precipitation of the
resulting large chemical flocs, which attract the suspended sediment
and bacteria.

Color - includes apparent color with suspended matter present and true
color with the suspended matter removed; quantitative standards are
based on true color compared with colors produced by units of mg/l
of platinum in water.

Cone of depression - the depressions, normally roughly conical, produced
in a water table or piezometric surface by withdrawal of water, either
by pumping or artesian flow; the three- dimensional measure of draw-
down.

Contamination - impairment of the quality of water to a degree which creates
an actual hazard to public health by toxic chemicals, radioactive

isotopes, or pathogenic organisms.

Discharqe - the rate of yield of water, or volume per unit time.

Drawdown - the lowering of the static level of a well caused by withdrawal

of water either by pumping or artesian flow.

Ground Water province - an area of aquifers constituting a more or less
closed system with common ground water characteristics, often recog-
nized and identified by a proper geographic name; the ground water
eauivalent of the surface water drainage basin.

Hardness - power of water to neutralize soap attributable principally to
calcium and magnesium salts and expressed as an equivalent concentra-
tion of calcium carbonate; includes both carbonate or temporary
hardness (with CO3 and OH scales forming upon evaporation or heating)
and noncarbonate or permanent hardness (with S04 or CL scales).

Hydraulic head - artesian or piezometric pressure in a groundwater source,
commonly measured as the height to which the water rises above its
level of occurrence underground when no longer confined, as when
tapped by a well hole.

Levels - as measured in a hydrographic record, from a gauge datum, repre-
sent depth variation rather than absolute depth, unless gauge zero
is approximately at the land surface.

Mineralization - measure of the total dissolved solids in water.

Observation well - this is a borehole, cased or uncased, which is open in
the saturated zone of an aquifer. An instrument suspended in the well
records the fluctuation of water levels with time.

Outlet - any opening or nexus of openings at the surface of the ground
through which ground water issues; if natural, a spring or seep (zone)
of "leakage"), and if artificial, a well (vertical hole), gallery
(horizontal hole, actually a variety of well), or open trench. A
kanat is a unique type of gallery consisting of a nearly horizontal
shallow dug tunnel with vertical air shafts leading to the surface
and often of great lateral extent, characteristic of many areas in
the near east.

Permeability - the capacity for transmitting a fluid, chiefly or exclusively
*th ug pores; if transmission is chiefly or exclusively through

fractures, termed fracture permeability; generally expressed as a
volume passing through a unit area in a unit time. A variant measure
is hydraulic conductivity, numerically identical although a unit
cross-sectional area of passage is assumed and lateral distance or
area r.ther than volume is expressed.
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Phreatohpytes - ground water indicators, plants whose roots tap water near,
at, or-below the water table.

pH - the negative reciprocal of the logarithm of hydrogen-ion concentration;
loosely, acidity.

Piezometric surface - the inferred levels to which water in an aquifer
under hydraTc head (which see) will rise if no longer confined,
as when tapped by a well hole; the precise determination of this level
at individual outlet, (the static level; constitutes a "correction" or
refinement of the more generalized piezometric level for a particular
area.

Plug - a total obstruction placed at a certain level in a well to cut off
water from lower sources (as to avoid saline influx) or to prevent
aquifer contamination in an abandoned well.

Pollution - impairment of the quality of water by biological, chemical,
physical, and radioactive substances to a degree which may not create
an actual hazard to public health but wnich does adversely and
unreasonably affect such water for some beneficial use; almost any
substance becomes a pollutant if concentrated sufficiently.

Porosit_ - a measure of the proportion of a material consisting of pore
space or voids.

Producing level - the water level in a well being pumped at a steady

production rate; at non-production levels, referred to merely as a
particular pumping level.

- the various types of well pumps and the lift heiqhts of which they
are capable are detailed in several references, particularly U.S.
Department of the Army TM 5-297, Wells (1957) anj TM 5-660, Water
supply and treatment facilities (1952).

PUmpage nventory - a complete record of rate and total amount of pumping
with time at a water point.

Recharge - the rate of replenishment of water in an aquifer; can be
measured as volume per unit time like discharge.

Runoff - that portion of the precipitation which is discharged through
natural surface channels. It includes direct runoff entering stream
channels promplty after rainiall or snowmelt by flowing over the
ground surface (surface runoff) or through the ground without
becoming part of the ground water (sub-surface runoff'; and base run-
off entering stream channels as sustained or dry-weather flow con-
tributed by effluent ground water or ground water runoff.

5 afe yield - rate at which water can be withdrawn from an aquifer without
depleting the ,,pply to such an extent that withdrawal at this rate
has an adverse effect on the aquifer or the quality of water.

Screen - a slotted or perforated cylindrical attachment to the bottom of
the casino to prevent fine material from invading the casing, support
the water-yielding formation, house a submersible pump adequately,
and enhance development of a natural gravel residue pack.

Sedimentation - gravitational settling of suspended matter carried by

water; usually accomplished by reducing velocity below a critical
level.

Specific capacity - the discharge of a well per unit drop in water level
7uTnit of drawdown).
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Specific conductance - a measure of the ability of water and any other
substance to conduct electricity (the reciprocal of resistance);
specific for a unit distance over which the voltage drop is measured
(e.g., one centimeter, at 25"C).

Specific retention - ratio, in percent, of the volume of water which a
saturated sample will retain aqainst the pull of aravitv tn its own
volume.

Specific yield - ratio, in percent, of the volume of water which a
saturated sample will yield by gravity to its own volume.

Spring - a natural flow of water from the earth's surface occurring where
the watertable intersects the course.

Static level - the water level in a well when not being pumped; generally
at or above the level at which the well hole first taps a saturated
zone, but in some cases may be below that level.

Storage change - a variation in the amount of water impounded in surface
or underground reservoirs, the latter including water contained in
natural materials as either soil moisture or ground water.

Storage coefficient - volume of water released from storage in a unit
volume, or unit vertical column of the aquifer when the water table
or piezometric surface declines a unit distance; approximately equal
to specific yield for nonartesian (gravity) aquifers.

Suspended solids - actual content of suspended materials obtained by
direct measure (e.g., settling), in contrast to indirect measure
by turbidity, which in some cases may overestimate or underestimatp
the actual particle content.

Transmissibility - the rate of flow of water (at prevailing temperatures)
throunh a vertical strip of aquifer having a height equal to the
thickness of the aquifer (and under a unit hydraulic gradient);
generally expressed for a unit strip width. A variant measure is
transmissivity, the numerical value for which is identical, although
a unit strip width is assumed and lateral area rather than volume
is expressed.

Turbidity - measured by the extent to which the intensity of light
passing through water is reduced by suspended or colloidal matter;
standard units are defined in terms of the depth of water to which
a candle flame can be clearly distinguished,

Water balance - mathematical relationship of the components of the hydro-
logic cycle in which water continuously moves from the atmosphere
to the earth and returns to the atmosphere; generally calculated
over long periods of time for which the average annual precipitation
generally is equal to the sum of the averaqe annual water loss
plus the average annual runoff; the balance may be significantly
effected by short term storage changes.

Water-bearing structure/texture - any of a variety of rock and soil
features that may serve as aquifers.

Water table - the upper surface of a zone of saturation in an unconfined
aquifer; there may be several vertically discontinuous water tables
in a particular area, and any minor water tables overlying a main
water table extending more or less continuously to considerable depth
are termed perched water tables.

Well - a deep hole or shaft sunk into the earth to tap an underground
Supply of water.
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